CHAPTER L 


DRAWING IN6TBUKENTB AND lUTHIALflt 

1, Good instruments are necessary for good work, and the 
beginner who desires to excel should procure the beat. These 
can be purchased by the case, or by the piece. The latter 
being the beat way, as there are sometime* pieces in the case 
winch are seldom, if ever, used. After selecting the pieces a 
case can be made for them, or, if one does not wish to incur 
that expense, roll them up in a piece of chamois skin, arrang¬ 
ing so that they do not touch each other* Dy folding over 
one edge of the skin, and stitching together, little pockets may 
be formed for each piece. 

The following instruments will be necessary: a compass 
with pen, pencil and needle points, and lengthening bar; hair¬ 
spring dividers; bow compass with j>cn and pencil points; and 
one or two drawing pens. These with a drawing board, T 
square, triangles, etc., will make a sufficient outfit. 

ih Compasses. These instruments arc so well known as 
hardly to require description here. They consist of two legs, 
which are connected by a joint or hinge The extremities of 
the legs are finished with fine steel points, the upper portions 
arc of brass, German silver, or some other metal that does not 
readily rust The joint is generally made partly of steel, as 
the wear will be more equal. The joint should be accurate 
and firm, but admit of easy play without any sudden jerks in 
opening and closing the legs. If by use the joint becomes 
loose, it can be tightened with the small screw-driver which 
accompanies the instruments. The points should come accu¬ 
rately together when the legs are closed. 

3. Oompise with imvaJitle parts. Fig. 1. represents a good 
'form of this instrument, with its furniture, the peu, pencil, 
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and needle points, and lengthening bar. This form of needle 
point is much the best; the shoulder of the needle should be 
large enough to prevent making a hole in the paper when 
used. This style of jwnoil point is also very convenient, being 
made for the use of leads. The lengthening bar is used in 
describing larger circles Ilian the compasses would otherwise 
admit of. With some of these instruments there is a dolling 
pen, but this is not recommended as it cannot be depended 
upon. In selecting, see that the parte all fit well together. 
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4 . Hair-spring dividers. These are so constructed, that 
by means of a spring and screw, the distance between the 
points may be clianged without any motion at the joi it. By 
turning the screw, Fig, 2, the point may be moved a very fine 
distance, thus making it very convenient for taking measure- 
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rnanta from scales, or dividing distance* into equal parte, 
The spring should be pretty stiff, 

5, ]$qv) comptLtot&i* These are for drawing small circlet 
both in pencil and ink. There arc tome forms made, where 
the pen and pencil points can be exchanged as lu the larger 
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compasses. It is more convenient, however, to have ■j 
separate instruments* one for the pen, and the other foi the 
pencil, as shown in Fig, 3* Sec that the springs are stKdg, 

There are other forms of com jesses, winch are convenient 
at times, but not necessary to buy at first. Among th&.e are 
the proportional and beam compasses. 

6* Proportional i'oiujhiswb. These are useful for en urging 
or reducing drawings. The simplest form, shown in Fig. 4, 
, is called halves and wholes; where flic shorter legs **ne half 
the length of the others, so that the distance between the 
points of the shorter legs will be one half of that bet amen the 
points at the other end* 

Fig* 5 shows another form of these compasses, (otnilar ill 
principle to the last, but const meted so that the pjflitjoa of 
the joint can be changed, thus giving different proportions 
^between the extremities at cither end* To adjust ihe instru¬ 
ment, close it, and after unscrewing the nut, move the slide 
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along until the mark across it coincides with the required 
number, then clamp the nut. 

Four scales are sometimes engraved upon these compasses, 
called Hues, circles, planes, and 
solids* The lost two are omitted 
upon many of the instruments, as 
they are of little use. 

If the mark is brought to $ in 
the scale of lines, the distance ab 
will be one-third of c<L If the 
mark is brought to ts in the scale of 
circles, ah will be the chord of tho 
eighth part of the circumference 
of a circle whose radius is ect 
Place the mark at 4 in the scale of 
planes, and ah will he the side of 
a square, or radius of a circle 
whoso area is one-fourth mat of 
the square or circle formed with 
<\L In the scale of solids, with 
the mark at 4, aiwill be the dia¬ 
meter of a sphere or edge of a 
cube whose solidity is one-fourth 
that of a sphere or eubo whose dia¬ 
meter or edge is cd . 

The graduation of these instru¬ 
ments cannot always be relied 
upon, and the accuracy of the pro. 
portions is also affected by any 
change in the length of the legs, 
occasioned by use or breaking. 
It would be well to test their accuracy before purchasing. 

7. Beam cftmjNis&e#* These are for describing larger arcs 
than would be possible with the other compasses* There are 
different forms of these. In all of them there is a beam id 
wood, or metal, with two collars, one carrying a pen or pencil 
point, and the other a needle point. Fig, fi shows a conve¬ 
nient form of this instrument. In this the tops of the collars 
are left open su that they van bo used on any straight edge, 
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or sharpening. The dlstmitre between the points is regulated 
by moans of a screw counseling the f wo blades. This distance 
determines the width of tlio lines. Do not select one in which 
thn blades are mndi curved. 

fh Dr<iwi}i<f hmmL This is tm indispensable part of the 
draughtsman's outfit* It should bo made of a thoroughly 
seasoned light wt*>d; pine is generally need. A board 
twenty-eight inches long, twenty indies widcj and aUxit one 
inch thick is a convenient size. Each end should he finished 
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with a cleat, as shown in Fig. 8, to prevent warping. Each 
aide should he rubbed to a smooth plane surface, with fine 
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sand-paper. The edges should be straight and at right angles 
to each other, 

10. T tqttare. This consists of a long thin blade, with a 
head at right angles to it; fig. 0 is a good pattern, where the 
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blade is simply kid upon the head and viewed to it, Aaj 
fine-grained bard wood will do for material, pear-wood is very 
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good. Sometimes metal is used, and for accuracy it would 
be the best; but as it rusts and tarnishes easily, the paper is 
liable to be soiled. The blade should be about the same 
length as the board. For a blade thirty inches in length, in 
order to be sufficiently stiff, the width should be at least two 
and a half inches, and the thickness on<Mjighth of an inch. 
The head is generally made of one piece, although sometimes 
of two, one on either side of the blade, as shown in fig. 10* 
One of those pieces is fixed while the other can he clamped 
at any angle with the blade; so that, if the square is turned 
over and used with tills side of the head against the edge of 
the board, parallel lines may be drawn making a correspond- 
lug angle with the bides of the biwd. This is not used very 
much, fa it cannot he clumped bufiioiomly tight to prevent 
displacement by a slight rap, or any great pressure upon the 
blade. 

11. Triangles These are made of different materials, as 
wood, metal, rubber, etc., the last being the best; metal tri¬ 
angles are open to the same objection that metal squares are. 
Triangles are made solid or open, as shown m fig. 11, the * 




open ones being the most convenient to handle. The 
draughtsman requires two of these, one having angles of 90°, 
45°, 45°, while the other has angles of J)0°, GO 0 , 30°. A con¬ 
venient size is from six to ten inches on side. 

12. Irregular curves. These are for tracing curves, other 
than arcs of circles, which are determined by points, Those 
made of thin pear-wood will be found to answer well. They 
have a great variety of shapes, so that one is at a loss which 
to select Choose one with curves of both small and l&tge 
radius. 
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18. India ink* It is important to have this material of the 
beet quality, &a it is used exclusively for all block lines* 
Good India ink, when broken across, should have a sinning 
and sumewliat golden lustre. If an end of it is wetted and 
rubbed on the thumb-nail, it should have a pasty feel, free 
from grains, and exhale an odor of musk; when dried the 
end should present a shiny and gulden-lined surfaco, Ink of 
inferior quality is of a dull bluish color, and when wetted 
and rubbed on the nail feels granular; also when rubbed up 
in water it settles; whereas good ink remains thoroughly dif¬ 
fused through the water. 

H. Colons* Windsor and Newton’s water colors are con 
sidered the licet. There are two sizes of cakes, called the 
whole and half cakes. The moist oolers which come in porce¬ 
lain dishes are equally good, and arc preferred by some, as 
the cakes are liable to crack and crumble. 

15, lab saw* tent* These come in nests of four or six, and 
are very convenient for preserving the colors after they arc 
prtqy&red. One forms a cover for another and thus keeps 
out the dust, besides keeping the colors moist for some time. 

HJ. PentiiU. These should be of tbe hardest and best 
quality. A. W. Faber's hexagonal pencils are the best, Jill 
and II fill are good numbers for mechanical drawing. 

17. ZVtWwtf. The best b nisi ms are made of sable hair, of 
which there are two varieties, the red and black. The red is 
somewhat the cheapest, but is about as good ns 1 lie black. 
CainclVhaii 1 brushes will answer very well, if (me does not 
want to afford the sable. In selecting brushes sec that they 
come to a point when moistened with water; they should 
keep this point when used. 

18. India rubber* Fine vulcanized rubber is the best for 
removing pencil marks. Sponge rubber is good for cleaning 
drawings. 

19. Thumb tack These are for fastening the paper to 
the drawing board, when it is not necessary to stretch it 
The best have tbe steel point riveted into the head. The 
top of the head should he slightly rounded, the edges being 
thin, so as to allow tike T square to pass over readily. 

SO, Horn centre . This is used in case many circles are to 
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be drawn from tlie same centre. The needle point rest* upon 
this instead of the paper, to pi's sent the wearing of a Large 
hole. It is made of a piece of transparent horn, with three 
little steel points to prevent slipping, 

2h Drawing gofer* —'Watmuu’s drawing paper is consid¬ 
ered the best It cornea in sheets of standard sizes, as follows: 


Gip,....... 

Detny«..... 

Medium.,.., 

Boy at. 

Super Royal, 
Imperial,... 


13 in. bj 17 


15 “ 
17 * 4 
IB “ 
19 “ 
30 “ 


Elephant... 

Columbier.,, „, * 

[ AtlftOi.. 

Double Elephant. 
Antiquarian*..*** 
Kiuperur ........ 


03 ul by 28 
23 “ lf 34 
Efl “ 14 84 
27 » .i 40 

81 “ 4 ‘ <53 
48 u 11 88 


There are two hinds of this paper, the rough- or cold-pressed, 
and the smooth-or hot-pressed; the smooth paper is better 
for finished line drawings, while the rough surface takes color 
better; does not show erasures, and is better for general work* 
On holding ihe paper up to the light the maker’s name Is seen 
in water lines, and when it can bo read, the nearest surface is 
considered the right side. If there is any difference between 
the 1 wo, it is supposed to be in favor of this side. The double 
elephant sheet is of a good weight, and size for general work. 
For smaller sizes cut it in halves or ipiarlers. 

Tracing jmgtt\ Thifik a thin pa|>cr prepared so as to 
be sufficiently transparent to allow Lhe lines of a drawing to 
show through, for the purpose of copying* It comes in sheets 
or by the roll. The best [>aper is lough, transparent, and 
without any greatness. 

Traeing vhrth. This is for the same purpose as tracing 
I»per. It is bettor than paper for preserving copies, or for 
those that are to he subjected to any wear, as in the case of 
working drawings. It comes in rolls of twenty-four yards, 
and of different widths. That winch has a dull surface on 
one’side is better for pencil marks or for tinting. 

SCALES. 

24. As it would be impossible in most cases to make a 
drawing the same size as the object, it is j eoesaary to resort 
to the use of scales in order to preserve the relative positions 
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of the lines, and also to be able P determine what proportion 
the drawing bears to the object* These scales consist of dis¬ 
tances of different lengths, divided with great accuracy* 
Various materials are used in their construction, such ai 
ivory, wood, metal, paper, etc. Ivory is the best, but quite 
expensive, while those made of boxwood are good, and are 
generally used* Metal is expensive and tarnishes easily, 
while paper soon wears out. 

It is well in making a drawing to use as large a scale as 
convenient, so that the small parts of the object may be 
brought out distinctly and accurately. 

The scale of a drawing should always be given upon it, ami 
in tho case of a working drawing, the measurements also* 
hy giving the measurements the time of the workman is saved, 
since he follows the dimensions rather than the drawing, in 
case they differ. 

The dimensions are given in figures, using one accent to in¬ 
dicate feet and two accents for inches, as 2\ read two feet, and 
3 H ', three inches. AVIiere feet and inches arc to be written, the 
ligures are separated by a comma simply, as G', 4 V * Where 
only inches are to bo written, use a cipher in place of feel, as 
lt\ G". This la not always necessary, but upon drawings where 
many of the dimensions arc given in feet and fractions of a foot, 
it 10 well to nee the cipher, as it may save mistakes in reading. 

To indicate the points between which the measurement 
reads, small arrow heads arc used at the points; us seen upmi 
PI* XYL Pig* 144* When the arrow heads are some distance 
apart, they are connected by a fine dotted line. This line may 
be broken at the centre to allow the measurements to be i is* 
sorted, or the line may be eontimums, and the figures be placed 
just above it or on it. To make the measurements more 
noticeable, red ink is generally used for the figures and arrow 
heads, and blue ink for the dotted lines* All the horizontal 
measurements should be written from left to right, tho verti¬ 
cal being written from the bottom to the top* 

2b, A scale of eq*tafpirt*. (Pi. I* Pig. 7.) Tine is a small 
fiat instrument of ivory. On both sides of this instrument 
we shall find a number of lines drawn lengthwise, and 
divided crosswise by short lines, against which numbers an 
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written. It is not our object, in this place, to give a full 
description of this scale, but simply of that portion which is 
termed the scale of equal parts* A scale of equal parts con¬ 
sists of a number of inches* or of any fractional part of an 
inch, set off along a line; the first inch, or fractional pan to 
the left* being subdivided into ten or twelve equal portions. 
When the divisions of the line are inches, the scale is some¬ 
times termed an inch scale; if the divisions are each throe 
quarters of an inch, it is termed a three quarter iwh scale; and 
so on, for any other fractional part of an inch. The^e different 
scales are usually placed on the same ride of the ivory Houle ; 
the inch scale being at the bottom, the three quarter inch 
scale next above; next the half inch scale, and so on. The 
inch scale is usually marked in. on the left ; the three quarLer 
inch scale with the fraction I; the others, in like maimer, 
with the fractions 4, and so on. The first division of each 
of these scales is usually subdivided, along the bottom hue 
of the scale, into ten equal parts, by short lines; and just 
above these short lines will be found others, somewhat 
shorter, which divide the same division into twelve equal 
parts. It is not usual to place any number against the 1h>t 
division; against the short lino which murks the second 
division, the number 1 is wriUen; at the third dhiriou 
the number 2; and so on to the right. 

20. Manner of using the scale* ti comet deal drawings of ob¬ 
jects are usually made on a smaller scale than Unreal size of ihc 
object. In making the geometrical drawing of a house, fi»r 
example, the drawing would have 'o Us very much smaller 
than the house, iti older that a sheet of paper of moderate 
Jimensions may contain it We must then, in this case, a* 
in all others, select a suitable scale for the object to he 
represented* Let us suppose that the scale chosen for the 
example in question is the inch scale; and that each inch on 
the drawing shall correspond to ten feet on the house* As a 
foot contains twelve inches, it is plain, that an inch on the 
drawing will correspond to 120 inches on the house; thus 
jmy line on the drawing will be the one hundred and 
twentieth pail of the corresponding line on the house; and 
were we to make a model of the house* or the same scale us 
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the drawing, the height or the breadth of the model would 
be exactly the one hundred and twentieth part of the height 
ot the breadth of the house. Bj bearing these remarks in 
mind, the manner of using this, or any other scale, will 
appear clearer. Suppose, for example, we wish to take off 
from the scale, by a pair of dividers, the distance of twenty- 
three feet; we observe, in the first pi am, ihut ns each inch 
corresponds to leu feet, two inches will correspond to twenty 
feel; and as cacti tenth of an inch corresponds to one foot 
three lentlis will correspond to three feet. We then place 
one point of the dividers at the division marked 2, and 
extend the other point In the left through the two divisions 
of an inch each, and thence along the third division Go aa 
to lake in three tenths, h’rom the scale, here described, we 
cannot take oft' any frictional part of a foot, with accuracy. 
If we had wished to have taken off twenty-three feet and a 
half, for example, we might have extended the point of the 
dividers to the middle l>etween the division of three tenths 
and four tenths; but, as this middle point is not marked on 
the scale, the accuracy of the operation will depend upon the 
skill with which we can judge of distances by the eye. To 
avoid any error, from waul, of skill, wo must resort to one of 
the scales of the fractional parts ol' an inch. Taking the 
half inch scale, lor example, its principal divisions being 
halves of an inch, will, therefore, correspond to five feet; the 
first of its principal divisions l>cing subdivided, like the one 
on Lite inch scale, one tenth of it will cum^poml to half a 
foo*, or six inches. So that from this scale we can take oif 
any number of feet and half feel. The quarter inch scale 
being the half of the half inch scale, ita small subdivisions 
will correspond to a quarter of a foot, or to three inches. The 
pinall subdivisions on the eighth of an inch scale, in like 
manner, correspond to one inch and a half. We thus observe 
that, by suitably using one of the above scales, we can take 
off any of the fractional parts of a foot on the inch scale, cor^ 
responding to a half, a quarter, or an eighth. 

Let us now suppose, as a second example in the use of the 
inch scale, that we had to make a drawing if a house on a 
scale of one inch to twelve feet. We observe, in the first 
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place, as twelve feet contain 144 inches, and as one inch, on 
the drawing, corresponds to 144 inches on the house in ita 
true size, every line on the drawing will be the one hundred 
and forty-fourth part of the corresponding lines on the house 
In this case, instead, of using the division of the inch sub¬ 
divided into tenths, we use the divisions of twelfths, which 
are just above the tenths; each twelfth corresponding to one 
foot. We next observe in using the twelfths, what wo found 
in using the tenths; that is, we cannot obtain, from the inch 
scale, any part conesjending to a fractional part of a foot; 
but, taking the half inch scale, we mid the first half inch 
subdivided in the same way as the inch scale into twelfths ; 
and, therefore, each twelfth on the half inch scale will com^ 
pond to half a foot, or six inches. In like manner die 
twelfths on the quarter inch scale will correspond to Him* 
inches; and the twelfths on the eighth of an inch scale to one 
inch and a half. 

27. Dhtyo^a! mih* of eqitalpart a. (PI. I, Fig. 8.) In the 
two i-vimpW of thr use of an ordinary scale of equal parts, we 
found, that the smallest fractional part of a fur it, that any of 
the scales examined would give, was one inch and a half 
Hut, as all measurements of objects not larger than a house 
are commonly taken either in feet and inches, or iu foet and 
the decimal divisions of a foot, it is very desirable to have a 
scale from which we can obtain either the tenths of a foot, if’ 
the decimal numeration is used; or the inches or twelfths, 
when the duodecimal numeration is used. To effect these 
purposes, a scale, called a diagonal scab of equal parts, has 
been imagined; and this scale is frequently found on the 
email ivory scale, on which the other scales of equal parts are 
(narked, A diagonal scale of equal parts may be Either an 
inch scale, or a scale of any fractional part of an inch. The 
first inch, or division, ia divided into ten, or twelve equal 
parts; the other inches to the right are numbered like th* 
ordinary scales. Below the tup line, on which the inches are 
marked offj we find either ten, or twelve lines, drawn parallel 
to the top line, and at equal distances from each other. We 
next observe perpendicular lines, drawn from the top line, 
Acrofla the parallel lines, to the bottom line, at the points on 
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the top line which mark the divisions of inches. But, from 
the subdivisions on the top line, we find oblique lines drawn 
to the bottom line; these oblique lines being also parallel to 
each other, and at equal distances apart. The direction of 
these oblique lines* termed diagonal lines* and from which 
the scale takes its name, is now to be carefully noticed, in 
order to obtain a right understanding of the use of the scale. 
By examining, in the first place, the bottom line of the scale* 
we observe that it is divided, in all respects, precisely like 
the top line. In the next place, we observe, that the first 
diagonal line to the left, 10, is drawn from the end of the top 
line, to the point w, which marks the first subdivision to the 
left on the bottom line. The other diagonal lines, we observe, 
are drawn parallel to the lirst one, on the left, and from tho 
points of the subdivisions on the top line; the last diagonal 
line, on the right, being drawn from the last subdivision on 
the top line, to ihe end of the first division of the bottom 
line. On examining the perpendicular lines, we lind, that 
they divide all the parallel lines, from top to botlom, into 
equal parts of an inch cadi. We liml, also, thal all the sub* 
divisions, <m the same parallel lino*, made by the diagonal 
lines, are equal between the diagonal lines, each being equal 
to the top subdivisions, liut when we examine the small 
divisions, on the parallel hues, contained between the first 
perpendicular line, 10—u, on the left, and the diagonal line 
next to it* we find these small divisions increase in length 
from tho top to the bottom. In like maimer wo find that 
the small divisions* on the parallel lines, between the dia¬ 
gonal line, 1—r, on the right, and the perpendicular, 0—r, 
next to it* decrease in length from the top to bottom. Now, it 
is by means of these decreasing subdivisions that we get the 
tenths, or twelfths of one of the top subdivisions, according 
ob we find ten or twelve parallel lines below the top line. 

Let us suppose, for example, that we have ten parallel 
lines below the top line ; then the small subdivision, on the 
first parallel line* below the top line, contained between the 
diagonal line* 1—r, on the right, and the perpendicular, 
0—would be nine teulhs of' the top subdivision; that ii 
nine tentlis of a foot, if the top subdivision corresponds tf 
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one foot. The next small division below this would be eight 
tenths; the next below seven tenths; and so on down 
Now, if we take the small subdivisions, between the per¬ 
pendicular line, on the left, and the first diagonal line^ 
10—m, the one below the top line will be one tenth of the 
top subdivision; the next below this two tenths; and so on, 
increasing by one tenth, as we proceed towards the bottom. 

Let us suppose, for an example in the use of this scale, that 
the drawing is made to a scale of one inch to ten feet; and 
that we wish to take off from the wale sixteen feet and seven 
tenths. With the dividers slightly open in one hand, we run 
the point of the dividers down along the perpendicular, 
marked 0—r, next to the diagonal line on the right, until we 
come to the parallel line on which the small division seven 
tenths is found ; this will be the third line below the top line* 
We place the point of the dividers on this parallel line, at o, 
where the perpendicular line, uiimtorcd 0—r, crosses it, and we 
extend the other point to the right, to ft, to the perpendicular 
marked 1, along the parallel line, to take in cue inch, or ten 
feet* We then keep the right point of the dividers fixed, at 
b; and extend the other point to the left, to c, taking In the 
small division seven tenths, and six of the subdivision a along 
the parallel line* The length, thus taken in between the twe 
points of the dividers, will be the required distance on the 
scale* 

From the description of the diagonal scale, and the example 
of its use just explained, the arrangement of, and the manner 
of using any other diagonal scale will V easily learned. We 
have first to count the number of parallel lines below the top 
line, and this will show us the smallest fractional part of the 
equal subdivisions of the top line that we can obtain, by 
means of the scale. If, for example, we should find one 
hundred of these lines below the top line, then we could 
obtain from the scale, as small a fraction of the top sub¬ 
divisions as one hundredth ; and counting downwards on the 
left, or upwards on the right, the short lines, between the 
extreme diagonal lines and the perpendicular lines next U 
them, we could obtain from the one hundredth to ninety 
.nine hundredths of the top subdivisions. 
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Remarks. In the preceding examples we have taken tha 
scales as corresponding to feet* because dimensions of objects 
of ordinary magnitude are usually expressed in feet. When 
the drawing represents objects of considerable extent* we 
then should use a scale of an inch to so many yards* or 
miles; aa in the case of a map representing a field* or an 
entire country. When the drawing represents objects whose 
principal dimensions are less than a foot wc then use a scale 
of an inch to so many inches. In some cases where we wish 
to represent very minute objects* which cannot be drawn 
accurately of their natural size, we use a magnified scale, that 
is a scale which gives the dimensions on the drawing a 
certain number of times greater than those of the object 
represented* For example, in a drawing made to a scale of 
three inches to one inch* the dimensions on the drawing 
would be three times those of the corresponding lines on the 
object 

US. A convenient form of diagonal scale for obtaining 
twelfths of a foot, is shown in Fig, 12, where itf, represent 
ft h c 
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feet, while the horizontal distances of l lie points 1* $, 3, etc,, 
from the vertical line through b are each equal to a cor¬ 
responding number of inches, 

2d. The scales rep resented in Figs. 7 and S, PL I, although 
j used to some extent, are rather short and 


not as convenient to use as those where the 



graduation runs to the edge, so that by lay¬ 
ing the scale on the paper the required dis¬ 
tance can he marked off directly without 
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using the dividers. The frequent use of the 
dividers in taking distances from the scales, 
defaces the lines of the scale and should be 
avoided. In Fig. 13 are shown sections of 
scales in general use. These are all mads 
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with thin edges, and with the graduation running to the very 
edge. On Noe. 1 and 2 there would be one, or possibly two 
scales for each edge, while on No. 3 there can be at least sii 
scales in all, two to each edge, one on either side. 

30l Fig* 14 gives a side view of Nos. 1 nr 2, There are 
four scales upon this, two upon each edge, one being double 
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the Other. The scales are i bind mil nally di\ hied, the divisions 
representing feet and medics. The following scales are the 
most useful: i 7 ^ 1, ”, #, ft. Two flat ones, or one tri- 
angular, will contain nil of these. 

31. Fig, IS represent whut is called a chain scale. Such 
scales are numbered In, 20, :in, +n, 50, Go, according to the 
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number of divisions contained in an inch, and are the scales 
in common nee. The upper scale in Fig. 15 is numbered 20, 
that is, an inch is divided into 20 equal part* md might he 
used in practice for a scale of two or twenty chains to the 
inch; two or twenty feet to the inch, oi two or twenty miles 
to the inch. One triangular, or three flat scales, will contain 
all of those mentioned above. The duodecimally divided 
scales are most useful for mechanical and geometrical draw¬ 
ing, while the chain scales, as their name indicates, are used 
mostly for plotting surveys. 

32. After the drawing of an object lias liccn completed, it 
is necessary to state upon it the ratio l>ctween the lines of the 
drawing and those of the object. This is often done by the 
use of a fraction, as a scale of etc. It is undersh^Hl 

in such cases that the numerator refers to the drawing and 
tile denominah r to the object, and that the numerator is equal 
2 
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to tlie denominator; for example in the scale i we should 
understand that one inch on the drawing equals four inched 
on the object. In the scale J 1 in, = 6 in, or 1^" — 1 foot 
Instead of always expressing scales by the use of fractions, it 
ia often stated what the scale is to a foot, as for example, 
u Scale i in, = 1 foot,* 1 this expressed fractionally would be 
fa Scale £ in, = 1 foot would be the same ns fa 
33. Protractor , This is the instrument in most common 
uae for laying off angles. It consists of a semicircle of tliin 
metal or horn (Fig. 10), ihe circumference of which is divided 



into 180 equal parts, termed degrees, and numbered, both 
ways, from 0° to 180°, by numbers placed at every tenth divi- 
ftion, Aa the protractor is only divided into degrees, subdivi¬ 
sions of a degree can lie marked off by means <d it only by 
judging by the eve. A little practice will enable one to set 
oil a half, or even a quarter of a degree with considerable 
accuracy, when the circumference is not very small. Where 
greater accuracy is required, protractors of a nnuo compli¬ 
cated form are used. Some of the ivory scales are graduated 
bo that they can be used as protractors, but they cannot be 
depended upon for accurate work. Horn protractors are 
convenient to use as they are transparent, but they are liable 
to war]). Tracing paper has recently been used to print pro¬ 
tractors upon. Although not very durable, they have this 
advantage that they may be made of larger sizes, some being 
fourteen inches iti diameter; being upon tracing paper, they 
are transparent, and also cheap. 

There are other forme of scales more or less complex, and 
seldom used, which it is not necessary to describe here. 
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CHAPTER IL 
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1. Good tools are not onlj necessary for good work, but 
they should be kept in perfect ordei. This is particularly 
true in drawing* The draughtsman should keep at baud a 
clean old linen rag, and a piece of soft washleather, to be 
used for cleaning and wiping the instruments before and 
after using. The pen should be wiped dry lief ore laying it 
aside, and the soil from perspiration cleaned with the wash- 
leather in like manner. With proper care a set of good in¬ 
struments will last a lifetime. 

2. ihmfHtxwx* In describing 011*0106 keep both legs nearly 
vertical. This can be accomplished by means of the joint in 
each leg. By keeping the needle in a vertical position, it will 
not make a larger iiole than necessary in the paper. Usually 
one hand is sufficient when describing circles; but when the 
lengthening bar is used, it is better to steady the needle point 
with one band, while the circle is described with the other. 
When inking a circle, complete it before taking the pen from 
the paper, because without great cure the place where the 
lines join will show, * 

3. Dividers These are used for transferring distances 
from one part of a drawing to another, or from scales to the 

* drawing. One band is sufficient for their use; but care must 
be taken when transferring distances not to change the posi¬ 
tion of the points by clumsy handling. A little care and 
practice will enable one to manage them easily, AVhcii tak¬ 
ing any distance with the dividers, open the joints wider than 
necessary, and then bring to the required distance by pressing 
them together. In case it is required P ' 'ff the same dis- 
•tanee a number of times on a straight line, it is better to step 
the distance off, keeping one of the points on the line all the 
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time* In doing this, do not turn the instrument continuously 
in one direction, hut reverse at each step, so that the moving 
point will pass alternately to the right ami left of the line. 
A single trial will convince one, by the case with which the 
instrument can be handled* of the advantage of the laat 
method. Care should be taken when using the dividers not 
to injure the surface of the paper. When laying off distances, 
do not make holes in the paper; a very slight prick is suffi¬ 
cient, and this can afterwards be marked with the pencil. 

4. Drawing pm, This is one of the most important instru¬ 
ments, and should never he of inferior quality. It is used 
for inking the lines of a drawing after it has been pencilled. 
The ink can l>e placed between the blades by means of a 
small brush or a strip of paper; but a more convenient way 
is to dip the edges of the pen into the ink, and they will 
generally take up enough ; in case they do not, breathe upon 
them, and then they will readily take the ink. After taking 
the ink in this way, always wipe the outside of the blades. 
When inking, incline the pen slightly to the right in the 
direction of the line, taking care that both points touch the 
paper. Do not press too hard against the ruler, nor try to 
keep the point of the pen too near the ruler. If the line is 
to he heavy, or broad, the pen should he moved along rather 
slowly, otherwise the edges of the line will appear rough. 
Always draw the lines from left to right. In easellie ink 
does not flow readily from the pen* try it upon a piece of 
waste paper, or outside t lie borderline; a piece of Unt.tmg 
paper is also good for this puiqu^e, If these means fail, pass 
between tbe blades the corner of a piece of firm paper. 
When the ink gets too thick, it dries rapidly in the pen :md 
occasions considerable annoyance; in such a case, add a little 
water to the ink, and m be well before using. 

5. Sharjtemngpf.fi, As the pen Is used a great deal, the 
points are worn away, changing their form as well as thick¬ 
ness, making it impossible to do nice work. Every draughts¬ 
man should be able to sharpen Ids pen and keep it in good 
order; with a little practice and attention to the following 
directions, one will stum be able to sharj>en a ]>en. Having 
obtained a hue grained oilstone, first screw the points together, 
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then draw the pen over the stone, keeping it in a perpendicn- 
lar plane, and turning it at the same time, so that the curve 
at the point shall take the shape shown in 1, Fig. 17, 

f^\ f?) fA 

fta IT. 

This :b a better shfii« than either Nos. 2 or 3, although 3 
might do for heavy lines; but for all lines, 1 is the best 
shape. It is well, however, to have two pens; one being kept 
sharp for fine lines, while the other in used for heavy lines, 
and need not be sharpened as often. Having obtained the 
right shape, separate the points a little by means of the screw, 
and tlicu lay each blade in turn upon the stime—keeping the 
pen at au angle of about 3U° with the face of the stone—and 
grind off the thickness so as tn bring to an edge along the 
point of this curve. For line lines tins edge should he pretty 
thin ; not a knife edge, which would cut the paper. See that 
the edges of bolh blades are of the same thickness, and the 
points of the same length ; then take ihe screw out and open¬ 
ing the blades, ap]dy ihe inside of each to the stone just 
enough to take off any edge that may have been turned over. 
Next, screw up the blades, ami try the points on the thumb 
nail to see if the edges arc W sharp ; if they cut the nail, the 
sharp edge should be taken off bv drawing the pen ver> lightly 
over the stone as in the first step. Next, try the pen with ink 
on paper, and the character of the line mam- will tduwi u bother 
anything more is needed. 

fi. Drawhg boawl. The sides should be plane surfaces, 
and tbeir accuracy may be tested by placing the edge of a 
ruler across the board in several positions, and observing 
whether it coincides throughout, in every position, with the 
surface, The edges of the board should be perfectly straight, 
and if one cannot detect any inaccuracy by the eye alone, 
they can be tested by applying a straight edge. It is not 
essential, however, that the edges should 1 e exactly at right 
angles to each other, provided the head of the square ii used 
only on one edge forany given drawing. 
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T, T square. By placing the head against any edge of the 
hoard, and moving it along, at the same time drawing lines 
along the edge of the blade in its successive positions, we have 
a series of parallel lines. If now the head is placed against 
either adjoining edge, and lines are drawn as before, wo shall 
have two sets of parallel lines at right angles to each other; 
that is, if the two edges of the board arc exactly at right 
angles, and also the blade of the square exactly at right angles 
to the head. Now, as it is impossible to be sure that these 
angles are correct at all times, and as the lines drawn while 
the head is moved along any edge would be parallel, whether 
the blade be at right angles to the head or not, it is bettor to 
use the head upon only one edge, and depend upon the trian¬ 
gles for perpendicular lines. It is customary and more con¬ 
venient to use the head upon the left-hand edge of the board, 
controlling its movements with the left hand, while the right 
is free to draw the lines. In moving from one position to 
another, take hold of the head instead of the blade. Always 
see that the head is against the edge before drawing a line, 
and use the upper edge in ruling. 

8. Triangles. As there are two triangles, having the angles 
90°, 45°, 45°, and 90°, G0°, 30°, respectively, it is evident that, 
by placing either of those triangles against the bJ&dc of the 
square, lines may be drawn making corresponding angles. 
Afl before suggested, this is the best way to draw perpendicu¬ 
lars. In case parallel lines are to he drawn, making angles 
different from those of the triangles, it may be possible to 



accomplish it by a combination of both triangles with thi 
square; but it is difficult to hold so many pieces in place, so 
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that it is better to nee either one with the square, moving the 
blade bo that the edge of the triangle shall coincide with a 
line already drawn at the desired angle; then, by holding the 
blade in place, and moving the triangle, linos may be drawn 
parallel to the first. To test the right angle of the triangle, 
place it agaiuet the square aa in Fig, 18, and draw the line 
aft, then turn the triangle over, as in the dotted position, and 
draw another line along the vertical edge, taking care that the 
two lines start from the same point a. Now, if these lines 
correspond throughout, the angle at the base is a right- angle; 
if there is any deviation, it will indicate what change should 
be made to correct it. 

Manner of using the triangles for drawing Ihtes which art 
to he cither parallel or perpcndiruUtr to another line. 

Lot A B (Ph I, Fig. 4) he a Hue to which it is required to 
draw parallel lines which shall respectively pass through the 
points, C f I), By etc., on either side of A B. 

1st, Place the longest side, a ft, of the triangle so as to 
coincide accurately with the given line; and, if its other sides 
arc unequal, taking care to have the next longest of the two, 
aCy towards the left hand, 2d* Keeping the triangle accu¬ 
rately in this position, with the left hand, place the edge of 
the ruler against the side, a c, and secure it also in its position 
with the left hand. 3d. Having the instruments in this 
position, slide the triangle along the edge of the nuer towards 
one of the given points, as 0 for example, until the side, a ft, 
is brought bo near the point that a line di iwn with the pencil 
along a h will pass accurately through the point. 4th. Keep 
the triangle firmly in this position, with one of the huger* 
of the left hand, and with the right draw the pencil line 
'through the point. Proceed in the same way with respect to 
the other points. 

Remarks* When practicable, the first position of the 
triangle should be bo chosen that the side, a ft, can he brought 
in succession to pass through the different points without 
having to change the position of the ruler, < 

After drawing each line the triangle should be brought 
back to its first position, in order to detect any error from an 
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Accidental cnange in the position of the ruler dnnng the 
operation; and it will generally be found not only most 
convenient but an aid to accuracy to draw the line through 
the highest jKunt first, and bo on downwards; as tlie eye will 
the more readily detect any inaccuracy, in comparing the 
positions of the lines as they are successively drawn* It will 
also lie found urnst convenient to place the triangle first 
against the ruler and adjust them together, in the first position 
along A jB. 

It will readily appear that either side of the triangle may 
be placed against the ruler, or the given line. The draftsman 
will be guided on this point by the positions and lengths of 
the required parallels. 

Let A B (PI, L Fig, 5) be a line to which it is required to 
draw a perpendicular at a point, C\ upon the line, or through 
a point, J) f exterior to it, 

1st, Place the longest side, a 6, of the triangle against the 
given line, and directly beneath the given point C' Ti or D , with 
the ruler against a c, as in the last ease. 

2d. Confining the ruler firmly with the left hand, shift the 
position of the triangle so us to bring the other shorter side, 
b e, against the ruler, 

3<1. Slide the triangle along the ruler, until the longest side, 
a is brought upon the given point C\ or I) ; and, confining 
it in this position, draw with the pencil a line through O f or 
J)> The line so drawn is the required peqienilienfar. 

Another method of drawing a perpendicular in like eases 
is to place the ruler against, the given line, and, holding it 
firmly in this jxisilion, to place one of the shorter sides of the 
triangle against the edge of the ruler, ami then slide the tri¬ 
angle along tide edge until the other shorter side is brought 
upon the given point, when, flic triangle being confined in 
this position, the required perpendicular can be drawn. Uut 
this is usually neither so accurate nor bo convenient a method 
as the preceding one, 

Bernard The accuracy of the two methods past described 
Will depend upon the accuracy of the triangle. If its right 
angle is not perfectly aecmate, the required perpeudiciiJai 
will not be true. This method also should only lie l'esorted 
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to for perpendiculars of short lengths. In other eases one of 
the methods to be described farther on should be need as be* 
ing less liable to error, 

9. ItTvfjtdar curve#. Having determined the points through 
which the curve is to pass, the edge of the instrument is shifted 
about until it Is brought in a position to coincide with threa 
or more consecutive points a % rf, c (PL f. Fig, 11) of the curve 
sc-i/ to be traced. When the position chosen satisfies the eye, 
that portion of the curve is traced iu pencil which will pan 
through the joints coinciding with the edge of the instrument* 
The instrument, is again shifted bo as to bring several points, 
contiguous to the one or other end of the portion of tile curve 
just traced, to coincide, as before, with the edge of the instru¬ 
ment; taking care that the new portion of the curve shall 
form a continuation of the portion already traced. The ope¬ 
ration la continued hi this win until the entire curve is traced 
in pencil; it is then put in ink by going over die pencil lino 
with the pen, using the instrument as a guide, as at lirst. 

The successful use of this instrument demand* some atten¬ 
tion and skill on the part of the draughtsman, in judging by 
tlu i eye the direction of the curve from the position of its 
points. When thus employed, curves of the most, complicated 
forms can be traced with the greatest accuracy. 

When similar curves arc to lie drawn on both sides of & 
line — atf in an ellipse—mark on the edge of the instrument 
the limits of the part used in drawn tig the curve on one side, 
and then turn it ewer and draw the opposite side between the 
eame limits. 

10. Prejfaratioh qfitd'. Place a few diups of water in 
the saucer and mb the ink in it until the liquid i* pretty thick 
and black. After a little experience one can tell by the ap¬ 
pearance when it has arrived at the proper consistency for 
use; it is not well, however, to trust In sight alone, but also 
to test it by making a wide line with the drawing pen upon 
a piece of paper, to see if it is perfectly black when dry. In 
testing in this way, go over the line only once. The cake 
should always be wiped dry after using to prevent ('racking. 
Keep the saucer covered when not filling the pen. Ink may 
be kept moist for some time in a covered saucer; but if if 
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should happen to dry, it is better to wash it all out and start 
anew. 

11. Pencils. For drawing straight lines the pencil should 
not be cut to a round point, but to a flat thin edge like a 
wedge; the flat side being laid against the edge of the ruler 
when drawing lines. It is well to have another pencil sharp¬ 
ened to a round point fur making dots and marking point*. 
For the compasses the pencil point should be round. 

When the pencil becomes dull, or makes a heavy line, it 
may bo sharpened by rubbing on any hard surface, as a piece 
of rough paper, a piece of fine sand paper, or a flue file. 
Long pencils are more convenient to handle; when they get 
short, trim them down for the compasses. 

12. Stretching paper. When it is desired to make a small 
line drawing, requiring no tinting, m>r much time for its com’ 
pletion, it is enftlcicut to fasten the paper to the board with 
thumb-tacks; hut for Inrgu drawings, and especially those 
requiring any tinting or shading, it is necessary to stretch 
the paper by wetting, and then fasten to the board with 
mucilage. 

To do this, place the sheet of paper upon the board, right 
side up, and turn up each edge of the paper against a ruler 
placed ujKjn it about half an inch from tlic edge. Then take 
a perfectly clean sponge, and with clean water moisten the 
upper surface, omitting the edges that arc turned up; in 
doing tlds, do not rub the paper, hut merely press the sponge 
upon all parts. Let it stand with a little water upon the sur¬ 
face for about fifteen minutes—less time might do, but that 
will always ensure a good stretch—after that eop up the 
standing water, and then fasten each edge of the paper to the 
board with thick mucilage. After fastening one edge, it is 
better to fasten the opposite edge next, instead of either ad¬ 
joining edge. Bub the edges down with the thumb to secure 
a lirm joint. Leave the board in a horizontal position while 
the paper ia drying, taking care not to place near the fire. 

Some prefer not to wet that side of the paper upon which 
the drawing is to be made. There is no objection to it, if one 
is only careful not to injure the surface by rubbing, and tc 
use clean water; besides, it is a little more convenient, fca 
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die edges are not likely to get wet, as they arc turned up; it 
also saves the trouble of turning the paper oyer, during which 
operation the board is likely to get wet, and the mucilage will 
not be so likely to hold. 

When stretching a large sheet where the centre is apt to 
dry Wore the edges, so that there is danger of their being 
pulled up, lay a damp cloth ti|>on the centre, away from the 
edges, and let it remain until they become dry. 

13, Pencilling a drawing. This consists in locating the 
lines of the drawing projieily and accurately upon the paper. 
In doing this, do not make any unnecessary lines, or any lines 
unnecessarily long; a little attention given to this will make 
a much neater drawing, and there will be lees liability to 
make mistakes when inking- The lines should be fine and 
merely dark enough to be seen- As a rule it is better to com¬ 
plete the drawing in pencil before inking; to this rule, how¬ 
ever, there are exceptions; as in complicated drawings of 
machinery where it is well to ink some pads before tin hilling 
the pencilling of the whole. 

14. Inking a drawing. It is customary in inking a draw¬ 
ing to ink all the circles and arcs before the right lines, as it 
is easier to make the lines meet the arcs than the arcs the 
lines. When there are a number of email concentric circles 
to be inked, commence with the smallest. 

After inking all the circles, ink the horizontal lines next, 
commencing at the top ami working down; then iuk the ver¬ 
tical lines, commencing at the left and going to the right. 
Where there are to be lines of different widths, ink tlions of 
the same width before changing the pen. Ly having a little 
system one will work more rapidly. 

When inking a complicated drawing before or after it is 
H entirely pencilled* ink first those parts that arc in front, and 
work back, thus avoiding the danger of making lines full that 
should be dotted. 

To obtain the best effect in a line drawing, the ink should 
be perfectly black, and the lines smooth and even; the thick¬ 
ness of the fine and heavy lines should bo proportioned to 
each other and to the scalo of the drawing- The shade lines 
should also be correctly located- There is another tiling that 



28 


INDUSTRIAL DRAWING. 


ftdds much to the looks of & drawing, and that is perfect uttaft 
sections of linos, as in the case of two linos meeting al a point; 
neither line should stop before reaching the pent., nor run 
beyond, as Is more likely to occur. 

If the drawing is to be shaded, do not use 1 1 hick ink for the 
outlines, as light ink will blend into the shading better; it is 
well, too, to make the lines fine. 

It is sometimes found necessary to ink a straight line SC 
that it shall taper. This is easily accomplished by moving 
one end of the ruler slightly hack, ihu other end remaining 
fixed, and going over the line again. Where n number of 
lines meet at a point, eare must betaken in inking, not to make 
a large blot at the intersection ; it is better to draw the lines 
from rather than towards the point; wait for each line to dry 
before drawing the next. Where there are a great many 
lines, the angle between them being small, they will unavoid¬ 
ably meet, lie fore reaching the ]>oi i it; so that in inking it is 
not well to start each line from the point, but only from 
where it would meet the last line. Let al>out every third line 
start from the point 

15* Arcurae*/. In both the construction of a drawing in 
pencil and the inking, accuracy should be the aim of the 
dm lights man. No matter Ikjw simple the drawing, let the 
construction he exact. The importance of this is apt to be 
lust, sight of in the class room and upon elementary work, 
but will lie manifest when one comes to the construction of 
drawings for use. Login right, then, and cultivate accuracy 
as a habit. 

Id. Gleaning a drawing. To remove pencil lines a piece 
of vulcanized India rubber is neceseaiy; but to remove dirt 
there is nothing better than a piece of stale bread, using the 
inside of a crust. This seems fo remove the dirt without 
affecting the ink lines, and leaves the paper with a fine gloss. 
Do not rely, however, upon the possibility of cleaning a 
drawing when finished ; never allow it to get very much soiled. 
Always duet with a brush, the drawing hoard, paper, and 
instruments, before commencing work. When a drawing is 
to occupy much time, paste a piece of waste paper on the 
edge of the drawing board, to fold over the drawing wbeu 
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not at work. By cutting the paper, one can arrange so as to 
cover part of the drawing while working on another part. 

17. Cutting off a draining. To remove the paper from 
the hoard after the drawing is finished; place the ruler m as 
to coincide with a pencil line, drawn just inside the line of 
the mucilage, and then run the knife along the ruler. 

Before cutting off a drawing see that it is perfectly dry, as 
it will wrinkle if part of the sheet is dump. When cutting 
take the edges in order round the board ; not crossing from 
one edge to the opposite, and Jet each cut commence from the 
last one. 

IS. T/ttcititf* It is often uecessaiy to have one or more 
copies of a drawing. By the use of tracing paper or clntli, 
these can he taken from the drawing ali'cjwly made, thus suv 
ing much time. The paper or cloth should he large enough 
to allow' the tucks, which hold it down, to clear the drawing ; 
weights may be used in ease it is not, hut they are apt to he 
in the way. Some of the tracing cloth lias one side dull, lor 
the use of a pencil, if desired; let the tracing he made upon 
the glazed side. Tracing cloth will take color, hut the tint 
should be somewhat thicker for tins purjwse than tor ordinary 
tinting. Apply the tint to the dull side of the cloth; do not 
try to tint large surfaces. 

19 . A&iumrt/ of xcalex. To test the accuracy of the gradu¬ 
ation, take any distance with the dividers, from the scale, and 
compare it with a similar distance, at diHerein parte of the 
scale. It is well to test the graduation near the ends, as it is 
more likely to he inaccurate there. An »thcr wav tK t testing 
it by placing two scales together to sec if Ihcy corrtwj>ond. 
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CHAPTER IIL 

CONSTRUCTION OF PROBLEMS OF POINTS and straight 
LINES* 


Prdb t 1* (Pl. L Fig* 13.) To draw a straight line through 
torn given points. Let A and B be two given points, pricked 
Hto the surface either by the sharp point of a needle^ or of a 
[cad pencil* 

1st* Make with the lead pencil a small o T or round thus 0, 
enclosing each point* for the purjrose of guiding the eye in 
finding the point 

2d. Place the edge of the niler in such a position near the 
points that the point of the lead pencil, or other instrument 
used, pressed against and drawn along the edge of the ruler, 
will pass accurately through the points* 

3d. Place the pencil upon, or a little beyond the point j4 p 
jn the left, and draw it steadily along the edge of the ruler 
until its point is brought to the point B t on (he right, or a 
Bhort distance beyond it* 

Itemark. To draw a straight line accurately, so as to avoid 
any breaks, or undulations in its length, and have its breadth 
uniform, demands considerable practice and skill. The 
pressure of fingers and thumb on the pencil should be firm 
but gentle, as well as the pressure of the pencil against the 
edge of the ruler and upon the surface of the drawing. We 
should endeavor to get into the habit of beginning the line 
exactly at the one point and finishing it with the same pre¬ 
cision at the other; this in indispensable in the case of ink 
lines, but although not so important in pencil lines, as 
they are easily effaced, still it aids in giving firmness to the 
hand and accuracy to the eye to practise it in all cases. The 
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email round O placed about the dot will be found a very 
useful adjunct both to the baud and eye in all cases. Draw 
mg ink lines of various degrees of breadth with the ordinary 
steel or quill peu will be also found excellent practice under 
tliis head. 

Lines in drawing arc divided into several classes (PL 1, 
Fig. 13 his) as full, hol\n, dotted, and ht'ofon and dottrd, Ac. : 
those again are divided iutojfw^, medium, mid hawj, according 
In the breadth of the line. A fine line ib the one of least breadth 
that, can be distinctly traced with the drawing pen; the 
medium line is twice the breadth of the fine; and the heavy 
is at least twice the breadth of the medium. 

The coaTse broken line consists of short lines of about ji| 
of an inch in length, with blank spaces of the same length 
between them. The fine broken lines and spaces are of 
an inch. 

The dotted line consists of small elongated dots with space? 
of the same between. 

The broken and dotted consists of short lines from ^ to 1 
of an inch with spaces equal in length to the lines divided by 
one* two, or three dots at equal distances from each other and 
the ends of the lines. 

These lines may also lie fine, medium, or heavy. 

When a line is traced with quite pale ink it is termed a 
faint line. 

The lines of a problem which are either given or are 
to be found should be traced in full lines either fine or 
medium. 

The lines of construction should be broken or dotted. 

The outlines of an object that can be seen by a spectatoi 
from the point of view in which it is represented should be 
full, and either fine, medium, or heavy, according to the par 
tacular effect that the draftsman wishes to give. The portions 
of the outline that cannot be seen from the assumed point of 
view, but which are requisite to give a complete idea of the 
object, should be dotted or broken. 

The other lines arc used for conventional purposes by the 
draftsman to show the connexion between the parte of a 
problem, 4c,, 4c. 



PROBLEMS? OF 8TKAIOKT LINKS. 


33 


7'rofc. 2. (PI, II. Fig, 14,) To set off a given distant 
along a straight line^from a given point on it . 

Let C — T> be the line, and A the given point. 

1st. Mark the given point A, as in the preceding pro¬ 
blem. 

2d. Take off the given distance, from the scale of equal 
parts, with the dividers. 

3A Set one foot of the dividers on A, and bring the oiher 
foot upon the line, and mark the point /?, either by pricking 
the surface with the loot of the dividers, or by a small u>\ 
made on the line with the sharp point of a lead pencil. 

When the distance to be set off is too small to lie taken 
off from the scale with accuracy, proceed as follows:— 

1st. Take off in the dividirs any convenient distance 
greater than the given distance, and set it, off from A to & 

2d, Take off the length by which A h is greater than the 
given distance and set it off from b to c, towards A • the jwirt 
A c will he the required distance. 

Remark. A given distance, as the length of a line, or the 
distance between two given points, is sometimes required to 
be set off along some given line of a drawing. This is done 
by a scries of operations precisely the same as just described. 
In using the dividers, they must be held without stiffness, 
care being taken not to alter the opening given to them, in 
taking off the distances, until the correctness of the result has 
been carefully verified, by going over the oration a second 
time. Particular care should be paid to the manner of hold¬ 
ing the dividers in pricking poi. ts 'dth them, to avoid 
changing their opening, as well as making too large a hole 
in the drawing surface. 

Prob. 3. (PL II. Fig. 15.) To net off,\ along a straight hne t 
any munlter of given equal distances. 

Let V D be the straight line, and the given number of 
equal distances bo eight. 

1st. Commence by marking a point A, on the line, in the 
usual manner, ua u starting point 

2d. The number of equal divisions being even, take off in 
the dividers from the scale lb eh sum, and set il off from A 1C 
8, And mark the point & 
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3d. Take from the scale half the sum total, and set it off 
from A to 4; taking care to ascertain that the dividers 
will accurately extend from 4 to 8, before marking the 
points 

4th. Take off from the scale the fourth of the sum total, 
and set it off respectively from A to 2, and 4 to 6; taking 
care to verify, as in the preceding operation, the distance* 
2—4, and 6—8. 

5th. Take off from the scale the given equal part, and set 
it off from A to 1 ; from 2 to 3, &c.; taking care to verify 
the distances as before. 

JtetmrL When the number of equal distances is odd, 
commence by setting off from the starting point, as just 
described, an even numlxir of equal distances, either greater 
or smaller than the given odd number by otic, taking in pre¬ 
ference the even number which with its parts is divisible by 
two; if, for example, the odd number is 7, then lake 8 as the 
even number to he first set off; it it is 5 then tike 4 as the 
even number. Having as in the firstexample, set off 8 parts 
we take only the seven required parts; and in 1.1m second 
having set off 4 parts only we add on the remaining fillh part 
to complete the required whole. 

The reason for using the ojierations just given instead of 
setting off each equal part in succession, commencing at the 
starting j joint, is, if them should be the least error in taking 
off the first equal part from the scale, this error will increase 
in proportion to the total number of equal parts set off, so 
that tne whole distance will be so much the longer or shorter 
than it ought to he, by the length of the error in the first 
equal distance multiplied by the number of times it has been 
repeated. 

Prob. 4. (Ph IL.Fig. 16.) Frrnn a point on a right tine to set 
off any number of successive unequal distances. 

Let 0 D he the given line, and A the point from which the 
first distance is to be reckoned; and, for example, let the 
distances he respectively A b equal 20 feet; b c equal 8 ; c d 
equal 15 feet; and d B equal 25 feet 

1st Commence by adding into one sum the total number 
of distances, which in this cose is 68 fret 
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2d, Take off from the scale of equal parts this total, and 
set it off from A to if, 

3d. Add up the three first distances of which the total is 
43 foot; take this off from the scale, and set it ofF from A 
to d. 

4th, Take off the distance d B in the dividers, and apply it 
to the scale to verify the accuracy of the construction. 

5th, Set off successively the distances A h equal 20 feet; 
and A c equal 28 feet; and verify by the scale the distances 
fre, and c t /. 

Itemark The object of performing thv, operations in the 
manner here laid down is to avoid carrying forward any 
inaccuracy that might be made were the respective distances 
set off separately. The verifications will serve to check, as 
well as to discover any error that may have been made in 
any part of the construction, 

Prob , 5, (PI. 11, Pig, 17.) To divide a given line t or the 
distances between two given points^ into « given number of equal 
parts , 

I*et A B bo the distance to bo divided; and let, for 
example, the number of its equal parts be four. 

Take off the distance A B in the dividers, and apply it to 
Vie scale of equal parts, then see whether the number of 
equal parts that it measures on the scale is exactly divisible 
by 4, or the number of parts into which A B is to be divided. 
If this division can he performed, the quotient \ ill be one of 
the required equal parts of A B Uaving found the length 
of one of the equal parts proceed to uiv: 'e A B precisely in 
the same way as in Prob, 3, 

If A B cannot be divided in this way, we shall l>e obliged 
to use the ruler and triangle, in addition to the dividers and 
scale of equal parts, to perform the requisite operations, and 
proceed as follows:— 

1st. Through the point if, draw with the ruler and pencil 
a Btiaight line, which extend above and below the line A B f 
so that the whole length shall be longer than the longest aide 
of the triangle used. The line CP should make nearly a 
right angle with A B, 

* 2d* Take off from the scale of equal parts any distance 
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greater limn A B , which is exactly divisible by 4, or thf 
number of parts into which A B is to be divided. 

3d. Place one foot of the dividers at A } and bring the 
other foot upon the line CD } and mark this second point 4 t 
in the usual way. 

4th, Draw a straight line through A and 4. 

5th, Divide, in the usual wav, the distance A 4 into its 
four equal parts A 1, Acs. T and mark the points 1, 2 t B t &c. 

6th. With the ruler, triangle, and pencil draw lines parallel 
to 0 f) t through the points 3, % and 1; ami mark ihc points 
rf, c, and A, where these parallel lilies cross A B. The distances 
A b c, c rf, and d B will be equal to each other, and each the 
one fourth of A V*. 

Remarks The distance A 4 may be taken any length 
greater than A B the line to be divided. It will generally be 
found most convenient to take a length over twice that of 
A fl 

The line B 0 is drawn so as to make nearly a right angle 
with A 5, in order that the points where the lines parallel to 
it cross A B may be distinctly marked. Attention to the 
selection of lines of construction is of importance, as the 
accuracy of the solution will greatly depend on this choice. 
In this Proh. % for example, the line CD might have been 
taken making any angle, however acute, with A B, without 
affecting the principle of the solution ; but the practical result 
might have been very far from accurate, had the angle l>eeu 
very acute, from the difficulty of ascertaining with accuracy 
by the eye alone, the exact point at which two lines intersect 
which make a very acute angle between them, such as the 1 Inca 
drawn from the punts 1 T 2, 3, &c., parallel to CD , would 
have made with A JJ had the angle between it and CD been 
very acute. The same remarks apply to the selection of area 
of circles by which points are to be found as in figs. 18, 19, 
&e. The radii iti such cases should be so chosen that the 
arcs will not intersect in a very acute angle* 

Prob, 0, (PI, 11, Fig. 18,) Frtrn a point on agiixn line to 
construct a perpt’udit'ttli.ti' to the Jmmj. 

Let CD be the given line, and A the point at which it is 
required to construct the perpendicular. 
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1st. Having fittedtHe pencil paint to the dividers, open tbs 
legs to any convenient distance, and having placed the steel 
point at A t mark, by describing a small are across the given 
line with the pencil point, two points b anrj r, on cither aid* 
of and at equal distances from it. 

2d. Place the steel point at b t and open the legs until the 
pencil point is brought accurately on the point r; then from 
fr, with the distance b c , describe with the juried point a small 
are above and below Ihe lir«' T and as nearly as the eve can 
judge just over and undn the point A. 

3d. Preserving carefully the same opening id the dividers, 
shift the steel point to the point c, and describe from it small 
ares above and below the line, and mar] wilh care the pohita 
where they cross the two described from b. 

4th. With the ruler and pencil, draw a tine through the 
points A and /*, extend it above H as ilir as necessary' this 
is the required perpendicular, 

I&murk*. The accuracy of tI k- preceding construction will 
depend in a great degree upon a judicious selection of the 
equal distances set oil on each side of A m tin 1 lirsl. place; in 
llie opening oi' the dividers be with which the uivs are 
described: and ii|joq the care taken iu handling the insLru- 
meats and mm h um the requisite points. 

With respect lo the two equal distances A b and A <\ they 
may he taken as lui* been already smd uf any length we 
please, but it will (jo seen that, the lunger iln . arc taken, 
provided the whole distance be mum In' e-.nven iui 1 k iakmi oif 
with the dividers, the smaller will be lie ehanees of error m 
the construction. Because the greater the distance be the 
farther will the point /*, where the two arcs eiosy be placed 
from A , and any error therefore that may happen to be made, 
in marking the point of crossing of the ares at B, will throw 
the required perpendicular le^s nut of its true position than 
if the same error hud been made nearer to the point A, 
moreover, it is easier to diaw a straight line accurately 
through two joints at some distance apart than when they 
Me near each other; particularly if the line is required Uj be 
extended beyond either or both of the pints; for if any 
error is made in the part of the line joining the two points it 
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will inciease the more the farther the line is extended eithei 
way beyond the points. 

With respect to the distance 6 c, with which the area are 
described, this might have been taken of any length provided 
it were greater than A l . But it will be found on trial r if a 
distance much less than the three fourths ofj or much greater 
than b c, is taken, to describe the urea with, that their point 
of crossing cannot be marked os accurately as they can be 
when the distance b c is used* 

Attention to a judicious selection of distances, &c*, used in 
making a construction, where they can be taken at pleasure, 
is of great importance in attaining accuracy- Adhere points, 
like /i, arc to be found, by the crossing of arcs, or of straight 
lines, we should endeavor to give the lines such a position that 
the ]M)int of crossing can be distinctly made out, and accu¬ 
rately marked; and this will, in all eases, be ejected by 
avoiding to place the lines in a very oblique position to each 
other* 

A further point to secure accuracy of construction is to 
obtain means of proof, or verification* In the construction 
just made, the point d will serve as a means of verification; 
for the perpendicular, if prolonged below A, should pasa 
accurately through the point d if the construction is correct* 

Prob * 7* (PI. 1L Fig* IS*) l<Vom a point t at or near the 
extremity of a. given line, to construct a perpendicular to Uto line. 

Let VI) be the line, and A the point. 

In this casi; the distance A C being too short to use it as in 
the lust Prob., and there not being room to extend the line 
beyond £7, a different process must be used* 

1st, Mark any point as a above CD t and between A and 

D . 

2d. Place the foot of the dividers at a, and open the legs 
until the pencil point is brought accurately on A; then 
describe an arc to cross CD at t, and produce it from A so 
for above it that a straight line drawn through b and a will 
cross the arc above A. 

3d* Mark the point b t and with the ruler and pencil draw 
a straight line through a and 6, and prolong it to crcaa th* 
arc at B* 
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4th. Murk the point B; and with the ruler and pencil draw 
% line through A and B . This will be the required pcrpen 
dicuiar. 

Prob. 8 (FI. II. Fig. 18.) From a given pointy above or 
below a given fr/ie, to draw a perpendicular to the line* 

Let OB he the given line* and B the given point. 

1st. Take any opening of the dividers with the pencil 
point, and placing the steel point at B describe two small ana* 
crossing CD at h and c; and mark carefully these points, 

2d. Without changing the opening of the dividers, plaoa 
the steel points successively at b and e } from which describe 
two arcs below Cl) } and mark the point d whore they cross. 

3d. With the pencil and ruler draw a line through B&. 
This is the required perpendicular. 

Remark. The distance B r, taken to describe the first arca^ 
should as nearly as the eje can judge be equal to that be 
between them, unless the given point is very near the given 
line. 

Verification* If the construction is accurate, the distance 
A b will be found equal to Ac; and A B equal to A d w 

Prob. 9. (FI. II. Fig, 19.) To co?tslruct the perpendicular 
when the point is nearly over the end of the given hue. 

Let B be the given point, and 01) the given line^ 

1st, Take off any equal number of equal distances from the 
scale with the dividers and pencil point. 

2d, Pluoe the steel point at B t and, with the distance 
taken off, describe an arc to cross OB at b ; nud mark the 
point b. 

3d. Draw a line through B b. 

4 th. Takeoff half the distance Bb t and set it off from either 
B f or b to a, and mark the point a. 

5th. Place the steel point of the dividers at a 7 and stretch¬ 
ing the pencil point to b, or By describe an arc to cross OB at 
Ay and mark the point A , 

tilh. Draw a line through A and 2?. This is the required 
perpendicular. 

Verification. Produce BA below CDy and set off Ad 
equal to A B; if the construction is accurate b d will be found 
pqual to Bb* 
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10. (PL II. Figs. 18, 19.) From a given point a 
Jine to &d off a point at a given distance above or below t\& 

Zuw. 

Let A be the given point un the line Cl). 

1st. By PrtAn ti, or 7, according to the position of A t oon« 
struct a perpendicular at A to CD. 

2d. Take oil'the given distance and set it oil'from A along 
the perpendicular, according im the point is inquired above oi 
below the line, 

IfrmnrL If ihr point niay he ?el oil, at pleasure, above or 
below <77J, we may cither construct a perpendicular at idea- 
sure, and sc I off the point, as just described, or we may take 
the following method, which is more convenient and expedi¬ 
tion^ and, with a little practice, will be found as accurate 
as either of the preceding. 

Take off the given distance in the dividers. Then place 
one foot of the dividers upon the paper, and describing an 
arc Itghlly with the other, notice whether it just touches, 
crosses, or lines not reach the given line. If it crosses, the 
position taken for the point is too near the line, and the foot 
of the dividers must be shifted farther off; if the arc docs not 
Meet the line the foot of the dividers must be brought nearer 
to the line. If the are just touches the line the point where 
the stationary loot of the dividers is placed being marked 
will be a point at the required distance from the given 
line. 

Verification. The correctness of this method may he 
verified by describing from a point set off by either of the 
other methods an arc with the given distance, which will be 
found just to touch the given line. 

Prob , 11. (PL II. Fig. 20.) Through a given point to draw 
a line }Kirallel to a given tine. 

Let A be the given point; CD the given line. 

1st. Place one foot of the dividers at A 7 and bring the 
other foot in a position such that it will describe an arc that 
ihnll just touch C D at b. 

2d. Without changing the opening of the dividers place 
one foot at a point /I, near the other end of CD t so that tb* 
arc descriljcd with this opening will just touch the line at c . 
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$<L Having marked the point U, draw through A B a It no. 
This will be the required parallel. 

Verification. Having constructed the two perpeudiculani 
Ab t and Bcj to CD 1 the distance be will be found equal 
to A B if the construction is accurate. 

Prob. 12. (PI. IT. Fig. 20.) To draw at a given distant*, 
from a given line a parallel to the tine . 

Let Cl) be the given line. 

1st. Take olf in the dividers the given distance at which 
the parallel line is to lie drawn. 

2d. Find, by either of the preceding methods a point A t 
near one end of 01), and a point B near the other, at the 
given distance from OIK 

3d. Tlaving marked those points draw a line through them. 
Tins is the required parallel. 

1 Wifimtiini. The same proof may be used for this as in 
Prob. 11. 

Pt'oh. 13. (PL 11. Fig. 21.) To transfer an anglv ; or , from a 
point, on n given line, fodraw a line which shall make with the given 
Une an a ugh tgutri to one between two other lines on tJw drawing. 

Let the given angle to be transferred lie the one bac 
between the line** ah and ac . Let I) hi be the given line, and 
A the point, nt which a line is to be so drawn as to make 
with I) E an angle at A equal to the given angle. 

1st. With the dividers and pencil point describe, from a, 
with any opening, an are, and mark the points b and c, where 
It crosses the lines containing the angle. 

Without changing this upeiuag, >h 1ft the toot of the 
divider to -I, and describe from thence, i are as ,jeu"]y as 
the eve ean judge somewhat greater than the one bc t and 
mark the point B where it crosses /) E. 

3d. Place the loot of the dividers at b , and extend the 
pencil point to c. 

4th. Shift the foot of the dividers to B t and, with the same 
opening, describe a small arc to cross the first at G. 

5th. Having marked the point G, draw a line through 
A C[ This line will make with I) E the required angle. 

Prob. 14. (PI. II. Fig. 22.) From a point of a given tin* 
to draw a tine making an angle of 60° with tits given Une. 
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Let DB be the given line, and A the given point 

1st; Take any distance in the dividers and pencil point, and 
set it off from A to B m 

2d. From A and Bj with the same opening, describe an 
arc, and mark the point 0 where the arcs cross. 

3d. Draw a line through A C,l This line will make with 
the given one the required angle of G0 Q . 

Prok 15. (PI. II. Fig. 22.) From a point on a given line t$ 
draw a line malting an angle of 45° with if- 

Let B be the given point on the line D E r 

1st. Set off any distance Bo, along 1) from B t 

2d. Construct by Prob, G a perpendicular to D E at a, 

3d. Set off on this per|>endiculur a c equal to a B. 

4th. Having marked the point c, draw through Be a linei 
This will make with D E the required angle of 45°. 

Prob, 16. (PI. II, Fig, 23.) To divide a given angle into 
two equal parts. 

Let BA C be the given angle. 

1st. With any opening of the dividers and pencil point, 
describe an arc from the point A, and mark the points h 
and c, where it crosses the sides A B and A Q of the 
angle, 

2d, Without changing the openingof the dividers, describe 
from b and c an arc, and mark the point I) where the arcs 
cross. 

3d. Draw a line through A A This line will divide the 
given angle into equal parts. 

Verification* If we draw a line through 6 c, and mark the 
point d where it crosses A D; the distance bd will be found 
equal to and the line be perpendicular to A D t if the 
construction is accurate. 

Bmarks* Should it be found that the point of crossing at 
D of the arcs described from b and c ia not well defined, 
owing to the obliquity of the arcs, a shorter or longer dis* 
tanoe than A b rnay be taken with which to describe them, 
without making any change in the points b and c first set 
off 

Probr 17. (PL II. Fig. 24.) To find the line which wtl] 
divide into two equal parts the angle contained between tux 



PROBLEMS OF CIRCLES, Ac, 


4 a 


given tines, when the angular point, or point rf meeting of ftj 
two lines, is not on the drawing* 

Let A B and CD be the two given lines, 

1st. By Prob . 10 set off a point at h at any distance taken 
at pleasure from A B, and by Prob. 11 draw through this 
point a line parallel to A B. 

2d, Set off a point d at the same distance from I) (7 as b is 
from A Bj and draw through it a parallel to D C; and mark 
the point c where these parallel lines cross. 

3d, Divide the angle bed between the two parallels into 
two equal parts, by Prob, 1C, The dividing line e a will also 
divide into two equal parts the an^e between the given 
lines. 

Verification* If from any point, as o, on the line co, t 
perpendicular o m bo drawn to A B t and another on to CD, 
these two perpendiculars will be found equal if the construe* 
tion is accurate. 


Construction of Problems of Arcs of Circles!, 
Straight Lines, and Points, 

Prob , 18, (PI. II, Fig, 25,) Through two given points to 
iesenbe an arc < fa circle with a given radios* 

Let B and £ T be the two points. 

1st. Take off the given distance in the dividers and pencil 
point, and with it describe an arc from B and C respectively, 
and mark the point A where the arcs cross, 

2d, Without changing the opening oi riie dividers, describe 
an arc from the point A through B and C\ which will be the 
one required. 

Prob , 19, (PI, II, Fig. 2d,) To find the centre of a circle, or 
are, the circumference of which can be described through three 
given points t and to describe it 

Let A, B, and C'he the three given points 
1st Takeoff the distance BA between the intermediate 
point and one of the exterior points, as A t with the dividers 
and pencil point, and with this opening describe two vet 
from B. on either side of B A. 
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2d. With the same opening describe from *1 two like aro^ 
and mark the points a and h where these cross the two 
described from II 

3d. Draw a line through a L 

4th. With the disUnion B C in the dividers describe, from 
i?and C t arcs as in the preceding ease, and mark the point* 
c and r/ where these cj-ohs ; and then draw a line through e*L 

Gib. Having marked the point, 0 where the tvo lines ilms 
drawn cross, place the steel point of the dividers at 0, and 
extending the pencil point to or either of the three given 
points, describe an are, or a complete circle, with this opening 
This will be Lite required arc or circle. 

Verification. The fact that the arc or circle is found to 
pass accurately through the three points in the best proof of 
the correctness of the operations. 

Prrtb. 20, (PI. 1L Pig. 2th] /l/ a ymhif on an arc or the 
Tit'cttmfrmti'c of a dirk to const furl a UtnpoU to the arc or the 
riWt\ 

Let I) he the given point and 0 the centre of the circle, 

1st. Draw through 1) a radius 0 j) and prolong it outwards 
from the arc. 

2d. At 0 construct by Prd), d a perpendicular EDF to 
01). This is the required tangent* 

If the centre of the arc or the circle is not given, proceed 
as follows 

1st* With any convenient opening in the dividers and 
pencil point (Ifrg. 2ft) act off from D the same arc on each 
side of it, and mark the points A and B. 

2d. Take off the distance A B and describe with it ares 
from A and B on u:wh side of the given arc, and mark the 
jiomts a and h w here they cross. 

3d* Draw a line thiough « L 

4th. Construct a perpendicular to a h at D . This ia the 
required tangent. 

Vertjioitivu* Having set off from D the same distance on 
each ride of it along n A, and having sot off also any distance 
from i) along E b\ the distance from this last point to the other 
two set off on a h will be found equal, if the construction ia 
accurate* 
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Remark's. It surnames happens that the point to which u 
tangent ia required is so near tbe extremity of the aic, :is at 
Aj or C, that the method Just explained cannot be applied 
tn such a case wo must first find the centre of the arc, -*r 
drcle, which will be done by marking two other points, as B 
and A } on the arc, and by Pmh. 19 finding the centre 0 of 
the circle of which this arc is a portion of the circumference, 
Ilaving thus found the centre, the tangent at 0 will lie com- 
Btmcted by the first method in this Prob 

ProL 21. (PL II. Fig. 27.) At a given gmut on Uw cir¬ 
cumference of a given circle, to construct a circle t or nr**, of a 
given radius tangent to the yivnt circh. 

Let B be the given point, and D the centre, which is either 
given, or has been found by 7W,. Kb 

1st. Through DB draw the radius, which extend outw an is 
if the centres of the required circle and of the given one are 
to lie on opposite sides of a tangent line to the first circle at 
B: or, in the contrary case, extend it, if requisite, from D in 
the opposite direction. 

2d. From B set oil' along this line the length of the given 
radius of the required circle to C t or to A. 

3d. From Oy or A, with the distance CB^ or A B f describe a 
circle. This is the one required, 

Prob. 22. (Pi. 1L Fig* 2d.) Frown a given point wiQumt a 
given circh y to draw two tangents to the circle. 

Let A be the centre of the given circle, and P the given 
point 

1st Through AB draw a line. 

2d. Divide the distance AB into two equal parts by 
Prob. 5. 

3d. From 0 y with the radius CA t describe an arc, and mark 
the points D, and Ey where it crosses the circumference of the 
given circle, 

4th. From B draw lines through B and E. These lines 
are the required tangents. 

Verification. If lines are drawn from A< to D and E t they 
will be found perpendicular respectively to the tangents, if 
the eoustniction is accurate, 

. Remark In this M, as in most geometrical construe 



INDUSTRIAL DRAWING. 


40 

lions, many of the lines of construction need not be actually 
drawn, either in whole, or in part. In this case, for example, 
a small portion of the line A — B } at its middle point, is alone 
necessary to determine this point In like manner, the points 
L and E could have been marked, without describing the are 
actually, but by simply dotting the points required. In this 
manner, a draftsman, by a skilful selection of his lines of 
construction, and using only such of them, in whole, or in 
part, as are indispensably requisite for the solution, may, in 
complicated constructions, avoid confusion from the intersec¬ 
tion of a multiplicity of lines of construction, and abridge his 
labor, 

Prob, 23. (PL II, Fig. 29.) To draw a tangent to two given 
circles . 

Let A be the centre of one of the circles, and A{?its radius; 
B the centre, and BE the radius of the other. 

IsL Through AB draw n line. 

2d. From f7set off CD equal to BE. 

3d. From A, with the radius AD t equal to the difference 
between the radii of the given circles, describe a circle. 

4th. From B by /Vok 22 draw a tangent BD to this last 
circle, and through the tangential point D 1 a radius AC to the 
given circle. 

5th. Through C draw a line parallel to BD. This line 
will touch the other given circle, and is the required tangent. 

Verification. CE will be found equal to BD t if the con¬ 
struction is accurate. 

Prdh 24. (Pi. II. Fig, BO.) Having two lines that make an 
angky to construct within the angh^ a circle with a given radius 
tangent to the two given lines . 

Let AB and AC be the two given lines containing the 
angle. 

1st. By Proh. 16 construct the line AD which divides the 
given angle into two equal pans. 

2d. By Proh. 10 set off a point b at a distance from AB 
equal to the given radius, and through this point draw the 
line ah parallel to AB % and mark the point a where it crosses 
AB L 
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3d. From with the given radius, describe a circle* Thii 
is the one required. 

Verification. The distances At, and Ad. will be found 
equal, if the construction is accurate* 

Prob, 25. (PL II. Fig. 31,) Having two lines containing 
an angle t and a given radius of a circle, to construct, ns m the 
last case, this circle tangent to the two lines; and then to construct 
another circle which shall lie tangent to the last and nko to die 
two lines . 

Let AB and CD be the two lines, the point of meeting of 
which is not on the drawing. 

1st. By Prob. 17 liud the line EFihai equally divides the 
angle between the lines. 

2d. By I*rob. 24- construct the circle, with the given radius 
ac, tangent to these tuo lines* 

3d. At bj where EF crosses the circumference, draw by 
Prob. 20 a tangent to the circle, and mark the point d whore 
it crosses AB. 

4th. From d, set off de equal to db, and mark the 
point & 

5th. At e construct by Prob * 6 a per|>eTidiciilar ef t to AB, 
and mark the point/ where it crosses EF. 

6th. From / with the radius fc, describe a circle. This is 
tangent to the first circle, and to the two given lines. 

liemarh In like manner a third circle might he con¬ 
structed tangent to the second and to the tw mven lines; 
and ao on as many in succession as may be wanted* 

Prob . 26* (PL 111* Fig, 32.) Havtng c circle and right tine 
given, tc construct a circle of a given radius which shall E tangent 
ft) the given circle and right title. 

Let 0 be the centre of the given circle, and AB the given 
line. 

1st. By Prob. 12 draw a line parallel to AB, and at a 
distance BO from it, equal to the given radius. 

2iL Draw a radius CD through any point D of the given 
aide, and prolong it outwards. 

3<L From D set off, along the radius, a distance DE equal 
*0 BG t or the given radius. 

■ 4th. From G with the distance CE } describe an am 
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and mark the point F where it crosses the line parallel to 
AB, 

5th. From the point F\ with the given radius describe a 
circle. This is the one required. 

Ifrmarl's. IT the construction is accurate a line drawn from 
Ft* C will |iass i.iircmi/3t the point where the < irclea touch, 
and one drawn iiom /'’porpendieiibir to /I/I will pass through 
the point where the circle lunches the line, 

ff from the waive () a perpendicular is drawn to AB % and 
the joints fr, h and d where the perpendicular crosses the line 
and the given circle are marked, ii. will be found that the 
given raflitis cannot be loss than one half of oh nor greater 
than one half of tuL 

Prob. 27. (PL ILL Fig. SB,) J hiring a circle an*I right line 
given, to construct a circle nhtclt ahull h 1 tangent to tltc given 
circle at a given pwW, it ml aLy to the Hue, 

Let C be the will re of the given circle, J) the given point 
on its circumference, and AH the given line. 

1st, tty Frvb. 20 construct a tangent to the given circle -at 
the jKant />; prolong it to cross the given line, and mark the 
point A where it crosses. 

2d, By Frol. 16 construct the line AE which bisects the 
angle between the tangent and the given line. 

3d. Through Vh draw a radius, and prolong it to cross the 
bisecting line at E. 

4th, Mark the point E } and with the distance ED describe 
a circle. This is the required circle. 

Proh. 2d, (PI. Ill. Fig, £iL) Having a circle and right line, 

construct u circle which ahull be tangent to the given circh t and 
a to the line at a given jioint on iL 

Let C be the centre uf the given circle; AB the given line, 
and a the given point on it. 

1st. By Prob* 6 construct a perjxmdieular at a to the given 
line. 

2d. From a set off ah equal to the radius Od of the given 
circle, 

8d, Draw a line through bC t and by Proh m 5 bisect the 
distance bO by a perpendicular to the line 10. 

4th. Mark the point r t where this perpendicular crosses the 
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WW at a; and with ac describe a circta This is the one 
required. 

Prob. 29, (Pb III. Fig, 35.) Having two circles, to construct 
a third which shall be tangent to one of them at a given point, 
and also touch the other* 

Let C and B be the centres of the two given circles; and 
I) the given point on one of them, at which the required 
circle is to be tangent to it. 

1st. Through CD draw a line, which prolong oitr-h way 
from 0 and Ih 

2d. From D act off towards C the disunee DA equal to the 
radius BF of the other given circle, 

3d. Through AB draw a line, and by Prohs. 5 and 6, bisect 
AB by the perpendicular (iE. 

4th. Hark the point A* where the perpendicular crosses 
the line CD prolonged; and with the distance ED describe a 
circle from A£ This is the one required. 

Prob. 30. (PI, III. Fig. 36.) !laving a given distance, or 

line f and the perpendicular which bisect* it } to construct three 
arcs of circles, the radii of two of which shut* be equal, and of <i 
given length, and their centres on tin* given line; and dtc tltird 
shall pass through a given point on the perjicndicuhtir oral lie 
tangent to the other (wo circles. 

Let AB be the given line, and D the given point on the 
perpendicular to A li through its middle | mint G; and let the 
distance CD be less than A C, the half of A K 

1st. Take any distance, fcxs than CD, and set ^ off from A 
and B, to b and e, and murk these t \o joints for the centres 
of the two arcs of the equal given radii le*. than CD* 

2d. Set off from D the distance Dc equal to Ab t and through 
be draw a line. 

3d, Bisect be by a perpendicular, by TVofts. 5 and 6, and 
mark the point d where it crosses the perpendicular to A Jl 
prolonged below it, the point d is the centre of the third arc. 

4th. Draw a line through db, and prolong It; and also one 
through de which prolong. 

5th. From b, with the distance 1A , describe an arc from A 
to m on the line db prolonged; and one, from the othei 
centre e, from B to *- on lln i hue do .prolonged. 

4 
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6th* From d, with the distance dD, describe an arc wound 
to the two lines db, and de prolonged. This is the third arc 
required, ud touches the other two where they cross the 
lines dh ana de prolonged at m and n. 

Mernarh. This curve is termed a half oval, or a three cent c 
curve. The other half of the curve, on the other side of AB, 
can be drawn by setting off a distance Cg equal to CV, and 
by continuing the arcs described from h and e around to lines 
drawn from g } through h and e / and by connecting these arcs 
by another described from g, with a radius equal to JJd m 

Prob . 31. (PI. III. Pig. 37.) Having a given line and die 
perpendicular that bisects it; also two lines draim through a 
given point, on die perpendkular, and each making the same 
angle with it; to construct a curve formed of four arcs of riwtes 
two of dtese arcs to have equal given radii, and their centres to lit 
on die given line , and at equal distances from its extremities ; each 
of the other arcs to have equal radii , and to he tangent wsjtec- 
tively to one of the given lines where it crosses the perpendicular 
and also to <me of the first arcs. 

Let CD be the given line; IS the given point oil the bisect¬ 
ing perpendicular; and Btn, Bn, the two lines, drawn 
through if, making the same angle with the perpendicular, 

1st From 0 and J) t set off the same distance to h and a, foi 
the given radii of the two first arcs; which distance must, 
in all cases, be taken less than the perpendicular distance from 
the point b or a, to one of the given lines through B. 

2d, At IS draw a perpendicular to the line Bm. 

3d. Set off from if, along this perpendicular, a distance Bd 
equal Cb. 

4th. Draw a line through Id, and bisect this distance by a 
perpendicular, 

5tK Having marked the point c, where this last perpen¬ 
dicular crosses the one at B t draw through cb a line, and 
prolong it beyond h . 

6th. From h , with the distance hC \ describe an arc, which 
prolong to the line through be ; this is one of the first required 
area 

7th. From c, with a distance cB, describe an arc. Thii a 
one of the second required arcs. 
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8th. Through a, and the point /, where be crosses the per* 
pendicular BA prolonged, draw a line. 

9th. From fl, set off ae equal to bc m 

10th, From a and e, with radii respectively equal to bO r and 
cB , describe arcs. These are the others required; and CBD 
the required curve. 

Remark* If the construction is accurate, the perpendicular 
through BA will bisect the distance ec. 

This curve is termed a four centre obtuse or pointed curve, 
according as the distance A H is less or greater than A 0. 

32,. {PL III* Kig* 38.) Hnvivg a line, and tfte per* 
pendicular which bisects it, and a gtvet „ j*>mf mi the perpen¬ 
dicular; to construct a curve fovtned of Jive arcs of circles f the 
consecutive arcs to be tangent ; the centre* of two of tfw arcs to be 
mi the given line , and at equal distances from its extremities; the 
radii of the two arcs, respectively tangent to these two, to be equal, 
and of a given length ; and the centre of the Jift/i arc, which is 
to be tangent to these two last, to lie oji the given perpen 
dicular . 

Let AB be the given line, and 0 the point on its bisecting 
perpendicular LC\ 

1st. Take any distance, less titan LC y and set it off from B 
to D } and from A to / 

2d. From € set off CG equal to BD t and draw a line from 
<JU)D 

3d. Bisect the distance I)G by a perpendicular; and mark 
the point R\ where this perpendicular crosses '.he perpen¬ 
dicular LC prolonged. 

4th. Draw a line from E to IX 

5th. Take any distance, less than CR t equal to the given 
radius of the second arc, and set it off from G to F. 

f>th. Through ^draw a line F/f parallel to AB. 

7th, Take off GF, the difference between CF and GO , and 
with it describe an arc from D ; and mark the points a and 6 
where it crosses the lines BE and FH. 

8th. Take any point c on this arc, between the points a 
and 6, and draw from it a line to F. 

9th. Bisect the line cF by a perpendicular, and mark lb* 
p«nat f where it crosses the perpendicular CL prolonged. 
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10th* From c draw a line through I) and prolong it; and 
another from I prolonged through c. 

11th* From c draw a perpendicular to CI ; and from ^ 
where it crosses Cf> set off dg equal to cd y and mark ike 
point g. 

12 th. From I draw a line through g and prolong it; and 
one from g prolonged through f 

13. From B and/ with the distance BD } describe the arcs 
5m, and Ap; from c and g x with the distance cm, or gjt 7 
describe the area ran, andjao; and from I with the distance 
IC\ describe the arc no. The curve BOA is the one 
required* 

Hematics. This curve is also termed a semi oval; and, 
from the number of arcs of which it is composed, a curve of 
five centres. 

Prob. 83. (PL 111. Fig, 89.) Having two parallel &fww, to 
construct a curve of three centres which shall he tangent to (he two 
parallels at their extremities. 

Let AH and CD be the given parallels; and B and D the 
points at which the required curve is to be drawn tangent 

1st From B construct a peqmndieidar to AB , and mark 
the point b where it crosses CD; and also a perpendicular at 
D to CD. 

2d. From B , set off any distance Be less than the half of 
Bb; and through c draw a line parallel to AB } and mark the 
point d where it crosses the perpendicular to CD. 

3d. From c, set off, along rd prolonged, the distance ca 
equal to cB r 

4th. Taking ca t as the radius of lbo List are, construct a 
quarter oval by Prob. 30 through the points a and D, 

fith* Prolong the arc described from o to the point B. The 
curve BaD is the one required* 

BemarL This curve is termed a scotia, of two centres, 

Prob. 34, (PI. 111. Fig* 40.) Having two parallel^ to con- 
s tract a quarter of x curve, of five centres tangent to them at their 
e&trcnwtict. 

Let AB and CD be the given parallels, and B and D theii 
extremities. 

1st. Proceed, as in the last case, to draw the perpendiculars 
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*t B a and D : and a parallel to 4/J through a point r, taken 
on the find perpendicular, at a distance from ft leas than the 
half of ftl 

2d. Set off from c a distance ca equal to rft; and on ad 
and Dd describe the quarter oval by Prob. 32* 

3d. Prolong the first, are from a to It, which will complete 
the required curve. 

Remark. This curve is termed a scotia of three centres. 

Prof}. 35. (Pi IIL Pig. 41.) I facing ftm parallel? and a 
fivm point on ftnh, to cnnstruH hco equal arc ;s which shall be 
tangent to each other and respectiwftj '.ihgmt to foepamUek at 
the gh'en points. 

Let AB and VI) be the two parallels: ft and I) the given 
points. 

1st* Draw a hue through ftl\ and bisect the distance 
ED. 

2d. Bisect each hair ftE y and El) by perpendiculars. 

3d* From ft, and /) draw perpendiculars to AB and CZJ t 
and mark the points ft, and ft, when? they cross the bisecting 
perpendiculars. 

4th, From a y with the distance u/f, describe an arc to B; 
and from b , with the same distance, an arc El). These are 
the required arcs, 

Prd}. 36. (PI. MI, Fig. 42,) Jh(wing two parallels^ and a 
point on each, to construct ttvo equal arcs uhich shall be tangent 
to each other, have their centres respectively on tie* pnmlkh t 
and pass through the given points. 

Let Aft and CP be the pralleV, ft and I) the given 
points. 

1st, Join ftI) by a line and bisect it. 

2d* Bisect each half BI£ and ED by a perpendicular; and 
mark the points a and ft, whetc the perpendiculars cross the 
parallels. 

3d. From a t with aft t describe the arc BE; and from ^ 
with the same distance, the arc DE. These are the required 
area. 
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Construction of Problems of Circles and 
Rectilineal Figures, 

Ptob, 37. (PI, III. Fig, 43.) Having t}& sides of a triangh 
to construct the figure. 

Let ACj BC t and A B be the lengths of the given sides. 

1st Draw a line, and set off upon it the longest side AB . 

2d. From the point with a radius equal to AC f one ol 
the remaining sides, describe an arc. 

3d, From the jHiint 7/, with the third side UC % describe a 
second arc, and mark the point C where the arcs cross. 

4th. Draw lines from C t to A and B . The figure ACB is 
the one required. 

Remark. The side AC might have been set off from B t 
and BC from A ; this would have given an equal triangle to 
the one constructed, but its vertex would have been placed 
differently, 

Remark. This construction is also used to find the position 
of a point when its distances irom two other given points are 
given. We proceed to make the construction in this case 
like the preceding. It will be seen, that the required point 
can take four different j>ositions with respect to the two 
others. Two of them, like the vertex of the triangle, will lie 
on one aide of the line joining the given punts, and the other 
two on the other side of the one, 

Prob. 38. (PI. III. Fh 1 44.^ I fa vim tht of n 

construct the figure. 

Let AB be the given side. 

1st Draw a line, and set off AB upon it. 

2d, Construct perpendiculars at A t and B^ to AB. 

3d. From A and B t set off the given side on these perpen¬ 
diculars to C and I); and draw a line from Cto2?, The 
figure ABC!) ia the one required. 

Prob . 39. (PL III. Fig. 45.) Having the two sides of a 
parallelogram, and the angle contained by to construct thi 
figure. 

Let ABf and AC be the given sides; and E the given 
angle. 
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1st. Draw a line, and set oil' A 11 upon it 
2d Construct at A an angle equal tu the given one bv 
Prob 13. 

3d, Set off, along the side of this angle, from A, the othei 
given line A C\ 

4 th. From (7, with tlie distance A 11 describe an arc, and 
from H with the distance A 0 describe arjulhe;- are, 

5th. From the point IK whme I ho ares cross, draw lines to 
C y and 1*. The Jigiiiv A HPf An -1 ho on^ required, 

/V<A 40- (PI, 11 T. I 1 q.’. hh; Tu t'irrif namin’ (t yawn triangle 

bxj a vm i h\ 

Let A UC be the given triangle. 

As the cmnmifl'n'iive of the required circle must be 
described through ihe three guen points A. //and C, its 
centre and radius u ill be bumd precisely as in /VA 13, 

Px'uby 41. (PI. 111. 1' ig. 47.) hi a glmt triangle to hwcrilt 
a cirt'l £-, 

Let ABC\w the given triangle* 

1st, Bv Proh. Id construct the lines bisecting the angles A , 
and C; and maik I he point J) where tln.se lines cross, 

2d. From 1) by Proh, S construct a perpendicular DB t to 
AC. 

3d. From IK with the distance Dl\ describe a circle. Thin 
is the one required. 

Prub. 42. (PI. IV. Fig, 43,) In a given circle to inscribe a 
square. 

Let 0 be the centre of the?- given circle, 

1st, Through 0 draw a diumett l A T K and a second dia¬ 
meter CD perpendicular to iu 
2d. Draw the lines A 6* CP, BD p and DA , The figure 
ADBC is the one required, 

Prvb* 43, (PI. IV. Fig. 48.) In a given circle to inscribe a 

regular octagon. 

1st. Having inscribed a square in the circle bisect each of 
its sides ] and through the bisecting points and the centre 0 
draw radii, 

2d. Draw lines from the points d, b, a t c, where these radii 
meet the circumference, to the adjacent points D t A f 4o, Tha 
figure dAbC&c. is the one required. 
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Remark. By bisecting the sides of the octagon, and draw 
mg radii through the points of bisection, and then drawing 
lines from the points where these radii meet the circumference 
to the adjacent points of the octagon, a figure of sixteen equal 
sides can be inscribed, and in like manner one of 32 sides* 
&c. 

Prob. 44. (PL IV. Fig. 49.) To inscribe in a given circle 
a regular hmrtgon. 

Let 0 be the centre of the given circle. 

1st. Having taken off the radius 0A t commence at A t and 
set it off from A to B } and from A to F t on the circum¬ 
ference. 

2iL From B set off the same distance to C; and from € to 
I), and so on to F. 

3d, Draw lines between the adjacent joints. The figure 
A BO &c. is the one required. 

Remit rk. liy a process similar to the one employed for 
constructing an octagon from a square, we can, from the 
hexagon, construct a ligure of 12 sides; then one of24; and 
BO on doubling the number of sides. 

Prob. 4f>, (PL IV. Fig. 49.) To inscribe in fi given circle an 
equilateral triangle. 

Having, as in the last problem, constructed a regular hex¬ 
agon, draw' lines between the alternate angles, as AQ CE y 
and KA ; the ligure thus formed is the one required. 

Prob. 4(L (PL IV. Pig. f>0.) To inscribe in a given circle a 
Tegular pentagon. 

Let 0 be the centre of the given circle. 

1st. Draw a diameter of the circle AB^ and a second one 
CD perpendicular to it. 

2d. Bisect the radius Off, and from the point of bisection 
a Bet off the distance aV y to ft, along AB , 

3d. From C, with the radius Cl j, describe an arc, and mark 
the points If : and /, where it crosses the circumference of the 
given circle. 

4th. y rom //, and /, set off the same distance to 0 and K 
on the circumference. 

5th. Draw the lines 67/, //ft, Qli t and 1C, Th< 

figure C11GK1 is the one required. 
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47. 7b foHa^riicf a m/ufor fujnm t the sides of which 
I hail be rc&pectitviy vq*ml fo a given line. 

Let AB be the given line. 

Find Mdhml (PL TV. Fig. 50.) 

1st. Construct any circle, and inscribe within it a regular 
figure, by one of the preceding Probx. of the same number of 
sides as the one required. 

Let us suppose for example that the one required is a pen¬ 
tagon. 

2d. Having constructed this inseriUd figure, draw from 
the centre of the circle, through tin- Mignlar points of the 
figure, lines ; and prolong them outwards, if the side of the 
inscribed figure is less Mum the given line. 

3d. Prolong sin\ one tin: side*. us £7, of the inscribed 
figure, and set off along it, from tlio uimular j h dnL C t a dis¬ 
tance Cm equal to the given line. 

4th. Through m, draw :i line parallel to the line drawn 
from 0 through £7, and mark the point tj, where it crosses 
the line drawn from U through 1. 

5th. Through n, draw a line parallel to 01, and mark the 
point e>, where it crosses the line OC prolonged. 

fith. From 0, set off, along the other lines drawn from G 
through the otner augukn points, the distances Ojt % Oq } and 
Or, each equal to 0m, or Oh. 

7th. The points v, p, r, and n being joined bv lines; the 
figure opqm \a the one required 

Second Mrtfitof. (PI. iV. 51.) 

1st. Draw a line and set off the given line A Ti upon it, 

2d. At B construct u perpendicular to A B. 

3d. From /?, with BA, describe mi arc A a. 

4th. Divide this are Into as many equal parts as number of 
sides iu the required figure; and mark the points of divisioo 
from <7 r 1, 2, 3, &e. 

5th. From Aj with AB, describe an arc, and mark tht 
point c where it crosses the arc Aa . 

fith From iJ draw a line through the division point 2. 

"tli. From c , set off the distance c% to ^ on die arc Be. 
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8th From A t draw a line through h y and mark the pjuat 
0 where it crosses IJ2. 

SHli. From 0 } willi the distance 0A 1 or 01 7, describe a 
circle* 

10th. Set olT the (balance AH to C,[ J) y &c., on the circum¬ 
ference. 

11 tli, Draw the liuc* Jl(\ CD, D!% &c. This is the 
required figure. 

Rx'iuttt'hs* The figure taken to ilEustrnle this ease is the 
pentagon, fl»r the purpose of comparing the two methods 

I fob. 48. (Id* IV, Fig. 51.) To ciirtrtnsrribe a given circfo 
foj a rryuhtr Jitj*nr t 

1st* Inscribe in the circle a regular figure of the same 
number of sides as the one to be circumscribed. 

2d. At the angular poinls of the inscribed figure, draw 
tangents to ihe given circle, and mark: the points where tlie 
tangents cross* These points me the angular points of the 
required figure, and the port tons of the tangents between 
them arc its sides. 

Ifrtnarh. The figure taken to illustrate this, is the cir^ 
cmnscribed regular pentagon bc<hfi. 

Proh. 49* (PL IV. Fig. 49.) To iWm'/je a circle in a given 
regular figure. 

1st, Bisect any two ad jacent sides of the figure by perpen¬ 
diculars, and mark the point where they cross. 

2d. From this point, with the distance to the side bisected, 
describe a circle. Tins is the ore required. 

Pcmarks. The figure taken to illustrate this case is the 
regular hexagon ; mu and np are the adjacent sides bisected 
by the perpendiculars to them ft0,and£0; 0 is the centre 
of the required circle, and 0a its radius. 

I*rob. 50, (PL IV, Fig. 52.) To imcribe t in a given circle^ 
a given number of equal circles which shall be tangent to the given 
circle r and to sack other. 

Let 0 be the centre of the given circle. 

1st. Divide the circumference into as many equal parts, by 
lines drawn from 0 t as the number of circles to be 
inscribed. Let us take> for illustration, sk as the required 
number 
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2d. Bisect fho angle, as D01\ between any twc of these 
lines of (livision, ami prolong out the bisecting lino 

3d. Construct a tangr-nt to the given ci rcOo at either li, or 
D y and murk the point a where this Lingo lit crosses tho 
bisecting line. 

4lh- From a 7 sot oil' niito h % along tlio bisecting lino, 

5th, At b construH. u perpendicular to 'ta, and murk the 
fun Tit r whore it f *1>. 

tkEi. Fi'iun r t uiih tiro distance r/J, desviihe a circle. This 
is one of tho required circles. 

Ttlr. From the other points of division, IK A r c., set olf 
ihc sin in 1 distance Jir, and from th’ ] oinh ihn^ sot off with 
this distance describe circles* These are The oilier required 
circles. 

/■"z i j/j. L ' E. [V, FA r . hj.) 7h ciTrintr^Ci'i!^' a y\ *‘ru riffle 
htj if tft r> ft ft ti ft ih* f' ./ri' fti S !>ii}tft:rtt to tf„ (ftn{ fa CiK'ft 

1st. Havine (In jilod. iho given circle into a number of 
equal parts the same a* tho given number of required circles; 
bisect, in tho same wav, the angle be tween any two adjacent 
linos of division. 

Lot us take for illustration six :o the number of required 
circles. 

2d* Prolong outwards nno of the lines of division, as 0/J t 
and also the tine, us 0/ diat bisects the angle between it and 
the adjacent line of division On, Uonslrnct a tangent $xD 
to the given circle; and mat k the point/ wl k- it crosses the 
bisecting I me. 

3d, From/ set off//?'to / along 'e bisecting line ; and 
at d, construct a perpendicular to this In.■/, and mark the jioiiit 
g where it crosses the line OlJ* 

4tb. From y, with the distance tjD\ or gd y describe a circle* 
This is one of the required circles. 

5th* Prolong outwards the other lines of division ; and set 
off along them, from the points where they cross the circum* 
fercnee, the distance I)g; and from these points with this 
distance describe circles* These are the remaining required 
circles. 



60 


INDUSTRIAL DRAWING, 


Oon&thuution of Proportional Links and Figures, 

Prd). 52, (PI. IV, Fig, 53.) To divitk <1 given line intc 
parts idricft shall he pngwrlionni to Um other given tines. 

Let AH be the given line to be divided; tic and cb the 
other given lines?- 

1st. Through A draw any line making an angle with 
AR 

2d, From A set oJTAr ecpial to or. : and from c the other 
line ch. 

3d, Draw a line through H t h / and through c a parallel to 
iffy and mark the point C where it crosses AH, This is the 
required point of division ; and A 0 is to CB as ac is to 
cb. 

fadh 53, (PL IV, Fig. 54,) To divide a line into any 
number of parts which shaft he in any given proportion to each 
other , or fo the same number of given lines. 

Let AH be the given line, and let the number of pro- 
jMirtional parts for example into which it is to be divided 
be four, these parts being to each other as the numbers 3,6, 7, 
and 2, or lines of these lengths. 

1st Through A draw any line making an angle with 
AB. 

2d. From any scale of equal parts take oil' three divisions* 
and set this distance off from A to 3 ; from 3 set off live of 
the same divisions to 5 ; from 5 set off seven to 7; and from 
7 two to 2, 

3d. Draw a line through B2, and parallels to it through 
tne points 7, 5, and 3, and mark the points d, c t and h where 
the parallels cross AB. The distances Ab^ bc y cdf and dB ara 
thi.se required. 

Remark. Any distance from a point, as A ior example, on 
A lij to any other point us d t is to the distance from this point 
to any other, as A& for example, us is the corresponding 
distance A7 to A3, on the line A2, 

Proh , 54, (PL IV, Fig, 55.) To find a fmrth proportioned 
t> three given lines. 

Let li, bt\ and ad be the three given lines to which it is , 
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required to find a fourth proportional which shall be to ad at 
aft is to ac. 

1st Draw a line, and, from a point A, set off AB equal tc 
aft ; and BC equal to be, 

2d. trough A draw any line, and set off upon it AB y 
equal to ad. 

3d. Draw a line through I)B, and a parallel to DB through 
Cj and mark the point E where this crosses the line drawn 
through A ♦ The distance BE is the required fourth pro¬ 
portional. 

Prob. 55. (PI. IV. Fig. 5ft.) Tv pud the tine which is a 
mean proportional to tiro given lines. 

Let ah and he he the given lines. 

1st. Draw a lino, and sol off on it AB % and BC t equal 
respectively to ah t and U. 

2d. Bisect the distance A and. from the bisecting point 
0, describe a semicircle with the radius 0C. 

3d. At B construct a perpendicular to AC; and mark the 
point I) where it crosses the circumference. The distance 
Bl) is the line required; and ah is to BI) as HI) is to 
be, 

Prd), 66, {PI. IV. Fig, 57.) To divide a given line into 
two part\ xrtch that the entire line shall be to one of the parts t as 
tin's port is to Urn other , 

Let ah be the given line. 

1st. Draw a line, and set off AB equal tr ub; and at B 
construct a perpendicular to AII 

2d, t off on the [>erpendicuL ■ /‘'f equal to the half of 
A By and draw a line through A D, 

3d, From By with DBj describe an arc, and mark the point 
{?, where it crosses Alh 

4th. From J, with -l (\ describe an arc, and mark the point 
Ey where it crosses AB, The jxdtit E is the one required; 
and .di? is to AE t as A E is to EB, 

Befnark. This construction is used for inscribing a regulai 
decagon in a given circle. To do this divide the radius of the 
given circle in the manner just described. The larger portion 
ie the side of the required regular decagon. 

Having described the regular decagon, ihe regular pen 
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lagon cnn be formed, by drawing linos through the alternate 
angles of the decagon. 

Drob* 57, (FI. IV. Fig, 58.) Having any given Jig tire, to 
construct another^ the angles of which shall he the same as the 
angles of the given figure , and the sides shall be in a given pro- 
portion to its sides. 

Let ABCDEE\*q the given figure. 

1st. Prolong any two of the adjacent sides of the given 
figure, as A />, ami A /■’, if the one required is to be greater 
than tin 1 given one; ami, from J, draw lines through the 
Other angular points f T , Id mid h\ 

2d. From .1 sol, otl a distance Alt, which is in the same 
proportion to A /j, as the side of the required figure corres¬ 
ponding to B<\ js lo BV: oi'j tit uiher words, AB must bo 
contained as many liimv in Ah us BV is m the corresponding 
side < >f thc rapiir e d I i g n re, 

Sd. From h draw a line parallel lo BO\ and mark the point 
e, where it crosses A C prolonged ; from c draw a parallel to 
CD, and mark the point where it crosses AD prolonged; and 
sti on for each required side. The figure Abcdef is the one 
required 


Construction of Equivalent Figures* 

Pr6b t 58. {Tl. IV, Fig, 59,) To construct a triangle which 
shall be equivalent to a given parallelogram. 

Let ABC!) be the given parallelogram. 

1st. Prolong the base d/f, and set off BE equal to AB. 

2d Draw lines from C t to A and B, The triangle A QE is 
the one required. 

Prob . 59, (PL IV. Fig. 60.) To construct a triangle which 
shall be equivalent to a given quadrilateral. 

Let A BCD be the given quadrilateral, 

1st Draw a diagonal, as AC, 

2d. From B the adjacent angle to O t to which the diagonal 
is drawn, draw a line parallel to AQ prolong the side AB 
opposite to BOj and mark the point F t where it crosses the 
parallel to A £7, 
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3d* Draw a line from 0 to K The triangle FCD is the one 
required. 

Prob* 60, (PI, rV* Fig. 61.) To construct a triangle eguiicr 
hnt to any given ftolygon. 

Let ABGDEFQ be the given polygon. 

1st, Take any side, as AB y its a base, and, from A ami B^ 
draw the diagonals AF and BJJ to the alternate angles to 
A and B. 

2d, From G and 0, the adjacent angles, draw Ga parallel 
to /A, and Clf to DB. 

3d. From the alternate angles F and J) f draw the lima 
Fa and I)L A figure a bl)KF is thus formed, which b 
equivalent to the given one, and having two sides less 
than it. 

4th. From the angles a and fr, at the base of this new 
figure, draw diagonals to the alternate angles, to a and h (in 
the Fig. this is the angle A), and proceed, precisely as in the 
3d operation, to form another figure equivalent to the last 
formed, and having two sides less than it. Proceed in this 
way until a quadrilateral or pentagon is formed equivalent 
to the given figure, and convert this last into its equivalent 
triangle, which will be the one required. The case taken for 
illustration is a heptagon, ami 11EI is the equivalent 
triangle. 

Prob. 61, To construct a triangle equivalent to any regular 
polygon. 

1st. By Prob. 49 find the radius of the cij !e inscribed in 
the polygon, 

2d. Set off on a right line a distance ^qual to hclf the sum 
of the sides of the polygon. This distance will be the base 
of the equivalent triangle, and the radius of the inscribed 
circle its perpendicular or altitude. 


Construction of Cukveu Links by Points* 

Prcb. 62. (Pl.rV.Fig. 62,) To construct m eUijm on given 
transverse and conjugate diameters* 

Definitions. An ellipse is an oval-shaped curve. The line 
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A—B that divides it into two equal and symmetrical parte ia 
termed the iraTisvcrsc axis. The line C—D, perpendicular to 
the transverse at its centre point* is termed the conjugate axis, 
The points A and B are termed the vertices of the curve. The 
points E and F y on the transverse axis* which are at a dis¬ 
tance from the ]joints C and /?, the extremities the con¬ 
jugate, equal to the semi-transverse 0—A, are termed the 
foci of the ellipse. 

The ellipse has the characteristic feature that the sum of 
any tivo lines, as ?/i—A 1 and m— F y drawn from a point, as m, 
on the curve to the foci, is equal to the transverse axis. It is 
this characteristic property that is used in constructing the 
curve by points. 


First Mctfifid. 

Let ah be the length of the transverse, and cd that of the 
conjugate diameter. 

1st; Set off ab, from A to li t on any line, bisect AB by a 
perpendicular, and set oft' on this perpendicular the equal 
distances 0C\ and OB , each equal to the half of c<l 

2d. From C, with the radius OA , describe an arc, and 
mark carefully the points JFand F f where it crosses AB. 

3d. From A y take off any distance AK and mark the 
point b. 

4th. With the distance Ah describe an arc from and a 
like one from F. 

5th. Take off the remaining portion bB of AB; and with 
it describe from the points A 1 and /'’arcs, and mark the points 
m, n, o, p, where these arcs cross. These are four jK>iixta of 
the required ellipse. 

6th. To obtain other points of the curve take any other 
point on AB , as 0 ; and with the distances Ac and clt f 
describe arcs from E and F t as before. The points where 
these cross are four more points; and so on for as many as 
may be required. 


Second Method. 

Having cut a narrow strip of stiff paper, bo that one of its 
edges shall be a straight line, mark off from the end of this 
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Atrip, along the straight edge, a distance rt equal to A 0, half 
the transverse axis of the ellipse; and from the same point a 
distance rs equal to OC[ half the conjugate axis, 

1st. Place the strip thus prepared so as to bring the point 
s on the line AB of the transverse axis, and the point l on the 
line Cl); having the strip in this position, mark on the 
drawing the position of the point r; this is one point of thr 
repaired curve* 

2d. Shift the strip of paper to a new position, to the right 
or left of the first, and having fixed if so that the point js 
on ABj and the point it on CD, ma k the second position of 
the point t; this is the second point of llm mr \ e. 

By placing the strip so that the lirst point marked may lx* 
near and gradually shift in sr it towards C, ns many points 
may be marked as may he wanted; arid so on for the 
remainder of the curve* 

Sd. Through the points thus marked draw a curved linet 
It will be the required ellipse* 

Itonark. The accuracy of the curve when completed will 
depend upon the steadiness of hand and correctness of eye of 
the draftsman* When the points of the curve have been 
obtained hy the first method, the accuracy of their position 
a my be tested as follows:—Joining the corresponding pointy 
as m and rt, or o and p, above and below the line AB, by 
right lines, these lines nm and op will be perpendicular to 
dll, and be bisected by it if the construction is cor- 
*oct. 

Pivii. 63. {PI* V* Fig. 63.) Having ilte transverse axis of 
in ef£iftsr t and one point of the carer, V* constrart tJtc conjugate 
u r,s. 

Let All be the transverse axis; and a the given point 
1st. ihseet AB by a perpendicular; and from the centre 
point u t with a radius OA, describe a semicircle. 

2d* Construct, from a , a perpendicular to All, and mark 
*ne point c where it crosses the semicircle, 

3d* Join 0 and c; and from a draw a parallel to AB, and 
mark the point r where the parallel crussca Gc, 

4tb. From 0 , set off' Or to C on the perpendicular. The 
diitaiiCC OC is the required semi-conjugate axis* 



06 


INDUSTRIAL DRAWING, 


fiemarh Ilaving the semi-conjugate other points of thi 
carve can be found, as in the preceding Prob. 

Pno£. 64. (PL V. Fig. 63.) At a point on the curve of an 
tUip&e to construct a tangent to the curve . 

Let m be the point at which the tangent is to be 
drawn. 

1st. With OA t as a radius, describe a semicircle on AB, 

2d. From m construct a perpendicular mq to AIi t and mark 
the jvoint n, where it crosses the semicircle, 

3d. At n construct a tangent to the semicircle, and prolong 
it to cut the transverse axis prolonged at /). 

4th. Through/? and m draw a line. This is the required 
tangent. 

Prdb ♦ 65. (PI Y. Fig. 63.) From a point without an 
eUipse to construct a tangent to Utc curve. 

Let D be the given point from which the tangent is to be 
draun, 

1st Join the point D with 0 the centre of the ellipse, and 
mark the point e where this line cuts the ellipse, 

2d. From 0 i with the radius QA } describe the semicircle 
AhR 

3d. Through e draw a perpendicular cq to the transverse 
axis* and mark the point g where it cute the semi¬ 
circle. 

4th. Through the point J) draw a perpendicular J)f to the 
transverse axis, and prolong it towards d . 

5th. From 0 draw a line through */, probing it to cut the 
perpendicular J)f and mark the point d of intersection. 

6th, From d t by Prol* 22, construct a tangent 1o the semi 
circle, and mark the poiut h of contact. 

7th. From h draw a perpendicular Jdc to the transverse 
axis, and mark the point i where it cuts the ellijjse. 

8th. From D the given point draw a line through i. This 
ia the required tangent. 

Eemarh The other tangent from D to the ellipse can be 
readily obtained by constructing the second tangent to the 
circle, and from it finding the point on the ellipse which 
corresponds to the one on the circle, in the same manner &i 
the point i is found from A 
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Prob. 66. (PL IY, Fig, 64) To copy a given curve £f 
points. 

Let ACD be the given curve to be copied. 

1st. Draw any line as AB across the curve. 

2d. Commencing at A set off along AB any number of 
equal distances as /Jl, 1—2, 2—3, &c. 

3d. Through the points 1, 2, 3, &e<, construct perpendicu¬ 
lars to AB , and prolong them to cut the curve at m t n, o i p , 
&c. 

4th. Having drawn a right line, sot off on it the equal 
distances A —1, 1 —% &c., taken tV >m the line A B, and 
through the points thus set oEF on the second line draw per¬ 
pendiculars to it. From the points where these perpendicu¬ 
lars cross the line, commencing at the first, set ofF the 
distances 1— m, 2—c, &e<, on ihe portion of the perpendicu¬ 
lars above the line; and the distances 1—n, 2— p, &a, below 
it The curve drawn through the points thus set off will be 
a copy of the given one; the accuracy of the copy depending 
on the skill of the draftsman. 

I*rah t 67. (PL TV. Figs, (if), (jlh) 7b make a ropy of a 
given curoe t so that the linen of the copy shall he greater or smaller 
than the corresponding lines of the gireti ear re in any given pro¬ 
portion. 

1st, Having drawn a Imo AB across the curve (Fig, 6*1) 
eet off along it the equal distances A —1, 1—2, &e,, and 
through the points 1, % &c., construct pet pcrMirulars to AB^ 
and prolong them to cut the curve on each sin W it, 

2d. Draw any line, as ah (Fig. 6’), =-n which set off equal 
distances a —1, 1—2, &c., each in the gi eu propi^iion, taka 
for example that of 1 to 3, to those set oil" on ihe given 
figure, that is, make a—1 the ono-thirdof A —1 T &c., and 
through the points 1, 2, &c,, construct perpendiculars to 
ib, 

4th. Set off any given line cd (Fig, 66), with the distance 
cd describe two arcs, and join the point e, where they croefl, 
with c, and d. 

5th. From c set off cf and eg t each equal to one-third of ed^ 
and join / and g . 

6th. From c set off cm, equal to 1—it f (Fig. 64) \ co equal 
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%-0, ; join e with the points m, o, <fcc, j And mark tht 

points r t a, &c., where these lines cross jg. 

7th. Set off the distance fr from 1 to wi {Fig- 66); f* from 
2 to Oj &c. The points m f o t &c*> are points of tbe required 
copy* In like manner the distances n t p t below are 
constructed* 

Remark* The method here used (Fig. 0G) for constructing 
the proportional distances //*,/*> &c., to those cm, co y Jcc., can 
be used in all like coses, as for example in Prob , 17. It 
furnishes one of the most accurate methods for such csises, a s 
the lines drawn from n cross the line fg so as to mark the 
[K)in1s of crossing r, s, &c>, with great accuracy. 

Prob* 68. (PI. Y. Fig. 67.) Through three given points to 
describe an arc of a circle by points. 

Let A , B , and € he the given points. 

1st. From A) with the radius A ft the distance between the 
points farthest apart, describe an arc Oo; and from C with 
the same radius an are Ap. 

5!d. From A and 0. through ft draw lines, and prolong 
them to « and b oil the arcs. 

3d. From b t set, oif any tmrnbcr of equal arcs b —1, 1—2, 
above b; and from a the same number of equal arcs 
below a. 

4th, From ft draw lines 0 —1, 0— 2, &c., to the points 
above h; and from A lines A —1, &c., to the corresponding 
points below a* 

6th. Hark the points, as m, &c,, where the corresponding 
lines A —1 and —1, &c., cross. These are points of the 
curve. 

6th, Having set off equal arcs below t, and like arcs al>o\e 
a, join the corresponding points with A and ft The puiuts 
n f to the left of If, are points of the required curve. 

Remark* Tins construction is only useful when, from the 
position of the given points, the centre of the circle which 
would pass through them cannot he constructed. 

Prob . G9. (PI V, Fig. 68.) Having given the aacu, ti<t 
vertex, and a point of a parabola, to find other points of dts 
curve and describe it 
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Lot AB lie the axis; A the vertex; ami 0 the given 
point. 

1st. J^rom C draw a perpendicular to AB, and rna:k the 
point d where it crosses A B ; 

2(i At A construct a perpendicular to AB f and from 0 a 
parallel to AB, and mark the point F where these two lino 
cross. 

3d. divide Cd and CF respectively into the same number 
of equal parts, say four for example. 

4th. From i lie points of ill vision 1, 2, 3, on Of draw 
parallels to A H; and from the point A lines to the points 
1, 2, 3 on PF 

5th. Mark the points x, y, a, wher*' the lines from A cross 
the correspjnding parallels to A B. These will be the required 
points through which the curve is traced. 

hlh. Through tin* points r, ?/, z, drawing perpendiculars to 
AB, and from the points <f t ft, <\ where iht y cross ii, setting! 
off distances ttx\ bt/, and rz* respectively equal L> mj-, Ac.;' 
the points y, s' will be the portion AO of the curve below 
AB. 

/Wj. 70 . (FL V. Fig. (#.) ffa ring given the ditimefrr of 
it c\trU\ to construct a right line which shall he equal in Length to 
its circiitHfiwtire, 

Let AM be the given diameter. 

1st Draw a right line, and having from any convenient 
scale of equal parts, taken olf a distance greater than the 
given diameter, and equal to 113 of these e- A ial parts, set it 
off from a to ft, 

2th From <x and h , with the distance ah, describe pres, anil 
from the point r, where they cross each other, draw Hues 
through a and h, 

3d- Take off from the scale a distance equal to^fcuequnl 
parts, and set it off from r, to t/, and e, on the lines drawn 
through a and h ; and join the points d and c. 

4th. From a, set off on ah, the distance am, equal to the 
given diameter AM; and from c, draw a line through m i and 
prolong it to cross de at a. The distance dn is the required 
length of the circumference. 
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chapter rv. 

T1NTENU AND E [TAPING* 

Line Shading. 

1. Flat tints. It is often necessary to cover a surface with 
equi-distftiit parallel lines. This is good practice for the 
eye, as well as the hand, as the distance between the lines 
should be obtained by the eye alone; use the triangles fur 
this, sliding one along the other or, hotter, against the Manure. 

When the spacing is uni form and the lines smooth, it. gives 
the effect of a flat tint. If, while doing this, you sin mid hap¬ 
pen to make a space larger, or smaller, than the preceding, 
do not make the next line at the regular distance from the 
last, as this would make the break in the spacing more notice¬ 
able, hut gradually reduce, or incrciise this distance until the 
regular space is reached, and then continue with that 

These irregularities in spacing arc less noticeable where 
the spacing is coarse; so that it is well in beginning to mako 
the lines at least of an inch apart. Willi practice this can 
bo reduced; the fineness of the spacing should have some 
reference to the sizo of the figure. 

This kind of shading is used mostly for sections, as shown 
in Fig. 156. PL XVTL; it being customary to run the lines 
45° in cither direction. Where the sections of two bodies 
join, as in Fig. 3. FI. I.* let the lines run in opposite direc¬ 
tions ; where there are more than two bodies, try to arrange 
bo that on no two adjacent ones the lines run in tho same 
direction; if necessary change tho angle. 

For practice take four rectangles and cover with lines, ai 
shown in Fig. 2. PL I*. Afterwards try Figs. 3, 4, 5, using 
finer spacing. The student can easily vary these figures. 
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2. Graduated tints* There are two methods by wlilcli 4 
graduated tint maybe obtained ; first, by varying the distance! 
without changing the size of the line (PL I*. Fig. 0), or sec¬ 
ond, by changing the size of the lines as well as the distances 
(PL L* Fig. 7). The effect of the last method is the best; 
always shade from the dark line to the light. Try shading 4 
rectangle by each method. 

For further practice try the shading of an hexagonal prism 
and cylinder; as seen in Figs. 8 and 9, PL L*, the shading 
on these surfaces is made up of liat and graduated tints. 
When shading the cylinder make the darkest line first, and 
■hade both ways from it; the shade on the left-hand side 
should be made from left to right. 

Figs. 10 and 11, PI, 1* give practice with the compasses 
in producing graduated tints. In llie first (lig. 10), each 
circle U to be completed with a uniform line, the shade being 
lightest towards the centre; in the second (tig, llj, each circle 
is madi with tapering lines. 

It requires some practice to make a tapering line with the 
compasses; when the circle is to be complete, set the pen fro 
the size of the tinost. part and describe the circle; then 
separate the points of the pen a little, and sweep over the 
heaviest part of the circle; if the pen is brought in contact 
with the paper, and also taken from it while it is being turned, 
and the pressure upon the paper is varied, making it greatest 
at the darkest part of the circle, a very taper can he 
given to the line. It would be well to protect the centre in 
making these figures. 

The rules for locating the dark and light parts on the solid* 
just mentioned, are given in the chapter on shading; they 
are introduced here merely for practice, and the example® 
given will be sufficient guides. 

India Ink Shead ing. 

3 Flat tints. Tinting with India ink is a quicker and 
easier method of shading than by the use of lines. 

For tinting one needs to have at hand a tumbler of clean 
water and two or three brushes of different sizes; those with 
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l*rge bodies and fine points are best, as they will hold coneid 
erable tint To prepare the tint, mb the cake of ink upon 
the tile and then take from that with a brush, and mix with 
the water in the tumbler, until the Jesired shudu is obtained 
Care should be taken that the brush and tumbler are perfect !j 
clean, and it is well to keep the tumbler covered after the tint 
is prepared- Do not make the tint as dark as you wish it 
upon the drawing, when finished; it is much easier to la)’ a 
light tint smoothly, than a dark one, so that It is better to get 
the depth of shade required by successive washes; let each 
wash dry before laying another. 

As a rule, it is better to go over the surface to he tinted 
first with clean water, as the first wash will Jay smoother; and 
if the first wasli is spotted, it will show through all the rest; 
this damping is especially accesstuy if the tint used is dark, 
or the surface large; when the surface is small, and some 
skill has been acquired, the damping may be omitted* 

Do not use India rubber upon the surface to be tinted, as 
it is diilicull lo lay a smooth tint afterwards; avoid also lust¬ 
ing the hands upon flic surface, as any mo 1stnre from them 
will affect the flow of the lint. 

For practice try laving flat, tbits upon rectangles of differ* 
ent sizes, commencing with small ones. AYheii doing tins, 
commence at the top and work down, keeping the advancing 
edge nearly horizontal and always wet; let the board he in* 
dined a little, so that the tint will follow the brush ; upon 
reaching the bottom of the rectangle, if there is any surplus 
tint upm the paper, it should be removed with the brush, 
having first wiped it dry* 

Try next some surface where it is necessary to watch two 
or more edges, to see that they do not get dry; the space 1 m;* 
tween two concentric circles will do, or trace fhc oul lines of 
the irregular curve upon paper, and cither tint the curve or 
else tint around the curve, leaving that, white. Let the outlines 
of surfaces to he tinted be fine hard pencil lines; with care 
jn laying the Lints, they make the best finish for the edge, but 
where the edge lias become uneven, a fine light line of ink 
will improve it* 

4. Graduated tint*. Having acquired some skill in laying 
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flat tints, try next a graduated tint. There are several methods 
of doing this, one of which is by 

Flat tints . When it is desired to tint a rectangle so that 
it shall he darkest at the top, and shade off lighter towards 
the bottom, divide the sides into any number of equal parts 
with pencil marks (PI. T.* Pig* 15,}; commencing at the top, 
lay a flat Tint upon the first space ; when this is dry, coin me nee 
at the top and lay a flat tint n\cr the first two spaces* Pnv 
ceed in this way, commencing at the top each time, until the 
whole rectangle is covered; by mulch g ihe divisions of the 
rectangle quite small, the oflert h- More pleasing. See that 
the lower edges of the flat tints are js straight as jiofisilde, for 
the\ show through the succeeding tints, and detract much from 
tiic appearance when irregular ; it i* not well to make thedivi 
Biou marks across the surface, as ihey Would be likely to show. 

There must be suflicicnt time between ihe tints to allow 
the tup space to dry, else some of its tml will be washed to 
the spaces below, ami when completed, the upper spaces of 
the rectangle will have the same tint* 

It is belter to follow the cutler given, instead of going over 
the whole surf are for the first tint, and reducing the surface, 
by one space 1 , for each succeeding tint; by 1 he first method 
the edgr> are covered by the overpaying tints, and a softer 
appeuraiwe is given than would he obtained by the second 
met bud figs. 11, 12, PI. 1***, give examples of shading with 
fiat llnK 

f). JSftffmt>d fiats* This gives a much sin mother appearance 
than the last method. Divide 'be iect single its lx‘fore, and 
tint the ihfct. space; but instead of k\ 'mg the edg^ dry* as a 
line, wash it out with clean water; wash out. the edge of each 
tint in the same way; and when finished, there will not he 
any abrupt changes from one tint to another, as in the last 
method* 

It. Dry shading* First tint the rectangle 1>\ the method 
of flat tints; then keeping the brush pretty dry, so that the 
strokes disappear about as fast as made, use it as you would 
ft pencil, and shade between the edges until they disappear; 
keep the point of the brush pretty fine, and make the strokes 
short and parallel to the edges. 
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Tliia takes considerable time, but gives a very good result; 
not as smooth as by softened tints, but full as pleasant to the 
eye. 

When the surface to be shaded is quite small* the flat tints 
might be omitted, and the tint applied with short strokes of 
the brush, wherever needed. 

For practice, try the different methods upon rectangles 
about 2 by 4 inches. Let the shade be darkest at the top, or 
bottom; let the shade be darkest along the right or left hand 
edges; let it he darkest through the centre, either horizontal¬ 
ly or vertically; in the last case the centre space is the first 
one tinted, and the second wash covers the centi-e and two 
adjacent spaces. 

7. Colors. The directions previously given will apply to 
the use of colors in forming fiat or graduated tints ; another 
method may be used for graduated tints, and that is to shade 
the surface first with India ink* and then cover it with a fiat 
tint of the color. 



UXTREfiraiTNO DJFFEKENT MATKRIAU. 


75 


CHAPTER V. 

CONVENTIONAL MODES OF KM'UESKXTim DIFFERENT MATERIALS. 

1. In mechanical drawing different materials may Ihs repre¬ 
sented by appropriate conventional coloring, which is usually 
done in finished drawings; or eLe by simply drawing tlio 
outlines of the parte in projection, and drawing lines across 
them according to some rule agreed upon, to represent stone, 
wood, iron, etc. Although there is no uniformity in the use 
of conventional tints, the following will be found convenient 
for this purpose: 

Cast iron, Payne’s grey. 

Wrought iron, Prussian bine. 

Steel, Prussian = due and carmine. 

Brass, Gamboge. 

Copper, Gamboge and carmine. 

Stone, Sepia and yellow ochre. 

Brick, Light red. 

Wood, Burnt Sienna. 

Earth, Burnt Umber. 

For stone a light tint of India ink might be used instead of 
the colors given alcove; if a lnde carmine be added to the 
light red, when used to represent brick, it will make a 
brighter color; raw sienna might be used instead of burnt 
senna for wood. 

2, Wood. When the drawing is on a small scale, the out¬ 
lines only of a beam of timber are drawn in projection, when 
the sides are the parts projected, PL VII. Fig. SS; when the 
end is the part projected, the two diagonals of the figure are 
drawn on the projection. 

If a longitudinal section of the beam is to be shown, PI, 
VIL Fig. S9, fine parallel lines arc drawn lengthwise. In a 
cross section, fine Darallel lines diagonally. 
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Where tlie scale is sufficiently large to admit of soma 
resemblance to the actual appearance of the objoct being 
attempted, lines may be drawn on the projection of the side 
of the beam, PL VII. Fig. 00, to represent the appearance of 
the fibres of the wood; and the same on the ends. 

In longitudinal sections the appearance of the fibres may 
he expressed, lfi. VII. Fig. 91, with fine parallel lines drawn 
over them lengthwise. In cross sections the grain may be 
shown, as in the projection of the ends, with line parallel lines 
diagonally. 

Figs. 13, 14, 35, PL L*, give additional examples of the 
method of representing wood in line drawings. ISefurc ah 
tempting to represent graining, it would he well to examine 
the graining of wood in the material itself, and lo have a 
piece at hand to imitate; in the Hour of the drawing-room 
may often be found good examples* 

In beginning to grain a timber, make the knots first, and 
then till in the remaining space with linos, arranging so as to 
enclusc the knots; until some practice 1ms been acquired, it 
would be well to |xmeil the graining before inking. The size 
of the knots should have some reference to the size of the tim¬ 
ber ; let the graining lines be made with a line steel pen, using 
light ink; where the wood is to be colored, apply the tint be¬ 
fore graining. 

n- ri * 

’When tlie limber is large, use a brush to make the grain¬ 
ing ; if it is to be colored, use a dark tint of burnt sienna for 
the lines, and wash over with a lighter tint of the Fame; when 
using tli g brush for graining, make the points of tlie knots 
wiliest, as in Fig. 15, PL L*; it would add also to tlie looks 
of graining made with a pen to widen the ends of the knots 
with the brush. 

Fig* 14, PL I.*, differs from Fig, 13 only in having a series 
of short marks introduced in tlie graining; if desired to dis¬ 
tinguish between soft and hard wood, let Fig. 13 represent 
soft, and Fig. 14 hard wood. 

In Fig. 15, PL 1.*, the graining is made up of a senes of 
short hatches; when done nicely, this gives a - cry good effect. 
Thiii stylo may also be used to represent hard wood. 

The woes sections, Figs. 13, 14,15, PI. I,*, are shown by t 
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series of concentric circle^ with a few lines radiating from 
the centre, representing cracks; use the how compasses to 
describe the circles, from a centre cither witliin or without 
the section. When the section is narrow, as at Fig. 13, 
Ph I,*, parallel straight lines are sufficient. 

To represent the end of the timber as broken, let the line 
be made up of a scries of sharp points* Where a number of 
adjoining planks arc re])resented as broken along neatly the 
same line, let the end of each he distinct, as in Fig. 1, Ph I.* 

3. jlItiaonrif. In drawings on a small scale, the oullines of 
the principal parte ai^ alone pin down on the projections; 
and on the parts cut, fine parallel wavy lines, drawn cither 
vertically or horizontally across, arc put in. 

In drawings to a seale sutlicienlly large In exhibit the de¬ 
tails of the parity lines may be drawn on the elevations, FI. 
VII* Fig* 92, to fdtow either the general character of the emu 
lunation of the purls, or else Ihe outline of each part in de¬ 
tail, n» rhe case imu require* In like manner in section, the 
outline of each part., PL VII, Fig. 03. in detail, or else lines 
showing the general arrangement, may Le drawn, and over 
these line parallel liune. 

Figs. 16-23, PI. 1.*, give additional examples of stone work* 
lu Figs, 1C, ^ 7 there is a ledge cut around each stone, ami 
sunk below the face. The face may. be divssed with a pick, 
Fig. 17, or it might he left rough, and represented as in Mgs. 
21-23, PI, I*. Fig, 1C would he the inelln I of reprehenling 
such stone work iu a line drawing; die lower and right-hand 
lines of Ihe inner rectangle should la heavy* 

Fig* IS, Ph 1**, represents the surface ol flic sloim as 
finished; where a number of stones come logeiher, leave a 
narrow line of light at the top mid left, baud edges of each. 

In Figs 16, 20, PL I**, the edges of the stones are bevelled, 
and the surfaces finished. Fig. 19 is the mdhodof repre¬ 
senting in a line drawing. For a flubbed shaded drawing, 
Fig. 20 would do, shaded with the stone tint alone, or with 
India ink first, and then a flat sloue tint ; the depth of shade 
upon each face of the stone is shown in the example 
given. 

Figs. 21-23, P1* I.*, give different methods of representing 
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stone where the joints only are dressed, and the faces left 
rough, 

4. Metals* The conventional colors for the different metals 
have already been given. 

To represent metal as broken, the line should be somewhat 
irregular, but not as much so as for the breaking of wood; 
Fig, 1'. PI. 1.* gi\es examples of the customary method of 
showing the broken cuds of lods, bars, etc,; the parallel lines 
may be either black or the conventional color, 

£* Earth* In vertical sections extending below the level of 
the ground it may be necessary to show the section of the 
earth, etc., around the foundations. If the soil is common 
earth tills may be done, as shown in PL VUL Fig, 04* If 
sand, as in PL VIII. Fig. If stony, as in PL VIII* Fig. 
96. If solid rock, as in PL VIII. Fig, 07. Where the earth 
is embanked its section may bu shown, us in PL VIII* Fig. OS. 

If it is desired to color the sections of earth, let a flat tint 
of burnt umber be laid first, the lower edge being washed 
out, then when dry the lines may be drawn over it with a 
pen; or, after laying the flat tint of burnt umber, with the 
brush, make a scries of short horizontal strokes over the wash 
already laid, varying the shade of the tint for the strokes, 
some being quite dark* 

C. Water. This is represented as in Fig. 24. PL L* by 
horizontal lines; for colored drawings make the linos blue. 

Fig. 24. PL L* represents a section of a canal; far practice 
let this be drawn and finished in colors. 
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CD AFTER VX 

OON9TKU(7T1UN i>Y ItKCiULAtC FlftCUKB. 

1. The following figures nit h valuable as exercised in con- 
llruetion. Simple us lliey inay seem, me trisil will convince 
that care is necessary in even $u j> to ^eeuiv a good result; 
let the construction lines bo line and Unlit. and (lie InkTsrc- 
tioiif! good. These ligates nEiord fnrtlk-r piudkv fur tinting 
lx>th with linn;' and colors; use dilhuvnl idiudis of tbc same 
color, or different colors, lay ini; the lighten! fti>t. The arrange¬ 
ment indicated upon the figures may bo followed, <>r changed 
to suit the tjutte. 

2. To repetweol a jhtvemetd made up of' mfutuYx. [FI. I/ 31 * 
Fig. 1.) Divide the lower side into any number of equal 
pails, ami through tins points of divi^mu draw lines 4I> J hi ah 
ways ; if through the points where these diagonal meet the* 
sides, diamond lines he drawn, they will complete the ligmv. 

ft. To represent a pavem/itf of equifatcnfl (riaoptett. (FI. 
L** Fig. i'.) Divide the lower side into ati\ number id" equal 
partis, and through these points draw hm » of l 1, each way; 
through the points in which these inleraoui, ilmw horizontal 
lines. 

4. To represent afHtvement of hextiipiux, (FI. i.*"* Fig. ft.) 
Having given the Bide of the hexagon, lay it oft any iiliihIhm* 
of times upon the side, and draw lines (>U a through these 
points; the method of completing the figure will then he 
apparent; ac is equal to half the side of the hexagon. 

5. To represent a poeeimnt made ttp of ort*t point ami 
squares* {FI, I.** Fig. 4.) Divide the surface tirst into 
squares; then construct nti octagon in otic of these; if it is 
desired to have a regular octagon, it may be done by taking 
half of the diagonal of the square as a radius and describing 
arcs from each comer of the square as a centre, until they in- 
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teraect the sides; this is indicated in one of the squares of the 
fignre. After constructing one octagon, the others may be 
obtained from it by projecting, as shown by the dotted lines. 

6. To represent a payment made up of isosceles triangles, 
{pi. i ,** Fig. 5,) Divide the lower side into any number of 
equal parts, and through the jKiints of di visit in draw vertical 
lines; through every other point of division draw lines at 30 s 
and 00°; draw horizontal linos through the points in which 
the lines at 30° intersect. If the lines at 00° are left out, the 
surface will be covered with rhombuses. 

7. In Fig. 0, PL I.**, the surface is covered with intersect* 
ing and tangent circles. First divide into squares, as shown 
by the dotted lines; then describe the large circles, and next 
the small ones tangent. 

3. Figs. 7-10. PL I.* # , are examples of architectural orna¬ 
ment* The method of constructing will be evident from the 
figures. In Fig. 7, for a change, the dark part might be left 
white and the rest shaded 



edges separating light from dark faces are those upon the 
right and lower aides {a'b* and &V), while in the plan the 
shaded edges are upon the right and upper sides {af and/^)* 
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In case of a curved surface like the cyli rider (Fig. 24), the 
line aV does not separate the light from the dark surface, 
yet it is well to make it a trifle darker than the left-hand edge, 
but not as dark as the bottom lino e7/. In the plan the circle 
is made darkest iijxrn the upper and right-hand side, tapering 
to the points of tangenoy {£,,/*) of rays of light. 

Shade linos of sections follow the above rules, as shown in 
Fig. S3.1 J L VI, 

Draw the shade lines with their breadth oi^Kidc the outline. 

In colored drawings draw the shade lines last. 

In shaded drawings omit the shade boos altogether. 

Profiles and H'cation*. The projections of an object give 
only the forms and dimensions of its exteriof, and the posi¬ 
tions of points, (fee,, on its surface. To show the thickness of 
its solid parts, and the form and dimensions of its interior, 
intcrsccting-planes are used. Taking a house as a model, 
let ue conceive it to be cut, or sawed through, at some 
point between its two ends, in the direction of a vertical 
plane parallel to the ends. Setting aside one portion, let 
ns imagine a pane of glass placed against the sawed surface 
of the other, and let an accurate outline of the parts thm 
cut through be traced on the pane. This outline is termed 
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% profile. On it, to distinguish tlxc solid parts out through 
from the voids, or hollow parts, we cover them entirely 
with ink, or some other color, or else simply draw par¬ 
allel lilies close together amiss them. If, besides tracing 
the outline of the parts resting against the pane, wc were to 
trace the projections uf all the parts, both within and without 
the outline of tlie profile, that could he seen through the 
pane by a person standing in front, of it, tlie profile with 
those additional outlines is termed a xerfion. A section more¬ 
over differ fi’om a profile in tins, that it may he made m any 
direction, whereas the profile is made by cutting vertically, 
and in objects, like a house, bounded by ^lane surfaces, in a 
direction perpendicular to tlie surface. 

To show the direction in which the section is made, it is 
usual to draw a broken and dotted line on the plan and eleva¬ 
tion of the object, marking the position of the saw-cut on the 
surface of the object; and, to indicate the position to which 
the section corresponds, letters of reference are placed at the 
extremities of each of these lines, and the figure of the section 
is designated as vertieal % or oHit/ite section on A - //, V —/>, 
Ac., according as the section is in a plane perpendicular, or 
obiitpie to the horizontal plane of prejeetion. 

The z-eetions in most general use are those made hy vertical 
and horizontal planes. A horizontal section is made in the 
same manner as a vertical one, hy conceiving the object cut 
through at some point above tlie horizontal plane of prejec 
tioiij and i>nrallel to it, and, having removed tlie portion above 
the plane of section, by making such a representation of the 
lower portion as would be represented by tracing on a pme 
of glass, laid on it, the outline of the parts in contact with 
tlie pane, with the outline of tlie projection of the parte on the 
pane that can he seen through it, whether on the exterior, or 
interior id the object. 

The solid parts in contact with the pane are represented in 
the same way as in other sections. Tlie projected parts are 
represented only hy their ou1 lines. A broken and doited line, 
with letters of reference at its extremities, U drawn on the 
elevation to show where the seel ion is taken ; and tlie section 
is designated by a title, as, horizontal section on A —/?, Ac, 
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As the broken und dotted lines that indicate the position 
of the planes of sect ion arc drawn on the planes of projection, 
and are in fact the linos In which the planes of section would 
cut these two planes, they are termed the wrtwtd or hori- 
zantitl tracts of the planes of section, according as the lines 
are traced on the vertical or horizontal plane of projection. 

It will he well lo note particularly that the planes of section 
are usually taken in front of, or above the object, that jxirtion 
of it which is cut by the plane being supi mused in contact with 
the plane; whereas the planes of projection may lie placed 
either behind, or in front of the object and above or below it, 
as may best sail the purpose of the draftsman; the position 
of the ground line therefore will always indicate on which 
side of the object, and whether above, or below it. Hie planes 
of projection are placed. The usual method is to place the 
horizontal plane of projection Mow the object represented 
and the vertical plane behind it. The more mmal metlmd 
also is to represent the object us refiling on ihc horizontal 
plane ; its position with respect to the vertical pi,me, or that 
of the vertical plane with respect in it, being *o taken as lo 
give the desired elevation to suit ihe views nf the draftsman. 
In the case of the ordinary house, fur example, the elevations 
of the four tddes may ho obtained either by supposing 011 c 
vertical plane, and rhe four sides Mjccossivelv presented to it; 
or by supposing the vertical plane sliiitnl so as to be brought 
behind each of the sides in succession, 

of Point# :uu\ llitjUi IJtwn. The method of 
projections presents two problem;. The one is having given 
the forms and dimensions of an objei to cons Mmol its pro¬ 
jections; the other, having the projections of an object, to 
construct its forms and dimensions. A correct understanding 
of the manner of projecting punts and right lines, and 
determining their relative positions with respect to each 
other, Is an indispensable foundation for the solution of these 
two q \ivst ione. 

The methods of projecting a single point, and of obtaining 
its distance from the planes of projection, also of two points 
and determining their distance apml, have nhvadv lieeu 
gi\en. The eamc process would evidently be followed in 
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projecting any number of points; or, in determining their 
relative positions, having their projections. But, besides 
these general methods, there are Home particular cases with 
which it will be well to become familiarized at the outset, as 
a knowledge of them will materially aid in showing, by a 
glance at the projections, the relative positions of the lines 
joining the points to the planes of projection; that is, whether 
these lines are parallel, oblique, or perpendicular to one, or 
both of these planes. 

Case 1. (FI. V\ Fig. 73.) Let, aaf and W he the projec¬ 
tions of two point?, the distances of their vortical projections 
& f z and JV from the ground line being equal, those of their 
horizontal projections ax and 1>£* being unequal. The points 
themselves will he at the same height above the horizontal 
plane of projection hut at unequal distances from the vertical 
plane. The vertical projection of the line joining the two 
points a r l/ will be parallel to the ground line, ami its hori¬ 
zontal projection id) will tic oblique lo it. 

From this we ohserm^ that when two points of a right line 
are at the same height above the horizontal plane of projection, 
awl at unequal distances from the vertical plane, the vertical 
projection of the Hue will he gxirallel lo the ground line, and 
its horizontal projection ohligae to th is line . 

Finding then the two projections of aright line in these 
positions with respect to the ground line, we conclude that 
the line itself is at the same height throughout above the 
horizontal plane of projection, or paiullel to this plane, but 
oblique to the vertical plane. 

Case 2. (PI. V. Fig. 74.) In like manner, when we iiud 
the horizontal projections of two points a and b at the same 
distance from the ground line, and the vertical projections 
a* and V at unequal heights from it, we conclude that the line 
joining the points is parallel to the vertical plane but oblique 
to the horizontal. 

Case 3. (PI. V. Fig. 75.) When the horizontal projections 
of two points are at the same distance from ground line, and the 
vertical projections also at equal distances from it, we conclude 
that the line itself is parallel to both pianos of projection. 

When a line therefore is parallel to one plane of projection 
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alone , %U projection on the other will be parallel to the ground 
line^ and it* projection on the plane to which it ts parallel 
will be oblique to the ground line. 

When the line is parallel to both planes its two projections 
will be parallel to the ground line. 

Cane 4. (PI. V. Fig. 7G.) Suppose two points us a and h 
to lit; in the horizontal plane of projection, where are their 
vertical projections? From what has hem already shown, 
these last projections must lie on the iierpcmlicuhirs, from the 
horizontal projections a and h to the ground line; but as the 
points are in the horizontal plane thvir projections cannot lie 
above the ground line. The vertical projections of a and b 
therefore must be at a* and ti on the ground lim\ where the 
perpendicular* fnun a and l cut it. For a like reason the 
‘wrtical projection of a line as a—b in the horizontal plans 
will be as a*—V in the ground line. 

In tike manner tfa* horizontal projections of points and 
lines lying in the vertical plane of projection will be also in 
the ground line. 

Vase h. (PI. Y. Fig. 77.) If a line is vertical, orperpen 
circular to the horizontal pluue of projection.* its projection 
on. that plane will be a jwint simply* as a. For, the line be¬ 
ing vortical, if a plumb line wore applied along it. the two 
lines would coincide, and the point of the bob of the plumb 
line would indicate only one point us ihe projection of the 
entile line. Now as a is the httriz*oifal oieefion of all the 
joints of the line t their vertical projections must lie in the 
Hue fro tn ape/ptmdicular to tin gii and line s so ilutf the ver¬ 
tical projections of any two points of the vertical line at the 
given heights b'x* and ax above the horizontal plane ofpt'a- 
jeetion^ would be projected on the petpendicular from a to 
the ground line , and at the given distances i/x and a f x above 
the ground line. 

In like manner it can be shown, that a line perpendicular 
to the vertical plane is projected into a point, as a\ and its 
horizontal projection will lie on the perpendicular to the 
ground line from a\ as a — b y in which the distances of the 
points a and b from the ground line show the distance* of the 
ends of the line from the vertical plane. 
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The above comprise nil of tlic cases, but one, of the pnijeo- 
tioaiB of points and right lines; ami they give (lie means of 
filing the positions nT these elemenlsfrom their projections; oi 
of making their projections when their positions are known* 

Pt'oh. 71. {PI, VI. Tig, t9.j Tv construct (he ' projections 
of a vwjufrtr tAjhi j>t/rnnti<l y wifA iU resfiafj ok the hori¬ 
zontal plane vfprvjtCti'Vi. 

1st. Having drawn the ground line G —/^construct, at any 
convenient distance from it, the regular polygon, in this ease 
the pentagon <tbotie t which is the base of the given pyramid ; 
and the point u the centre of the polygon. As the vertex of 
a regular right pyramid is oti the perpend urn lar to its base 
drawn from the centre of ihe base, the point o will he the 
horizontal projection of the vertex. 

2d. Having drawn a perpendicular from o to I lie ground 
line, set off upon it the distance xo\ tlie height of the vertex 
above the base; the point </ will be the vertical projection i f 
the vertex. 

3d. Project the points of the Iniae af/c t Ac., upon the vorti¬ 
cal plane, at fl'AV, (fee., since these points are on the horizon¬ 
tal plane of projection; the line a' — c* will he the vertical 
projection of the base. 

4th. Join the points &o., with the point o * the lines 
o r — a\ o' —//, fe,, bo obtained, will be the vertical projections 
of the edges of the pyramid, 

5th. Join the points ft y A, c , &e,, with o . Those lines are the 
horizontal projections of the same edges. 1 

Beuiatk. in drawing in ink the outline of a solid, it is 
usual to represent by dotf&l linen tlie outlines of those jiarts 
which could not be seen b\ a spectator so placed as to bring 
the object, directly between him and the plane of projection, 
when placed far from the object Suppose for example the 
spectator placed at some distant point, *S T , from the pyramid, 
and on the line drawn from v perpendicular to GL, In this 
distant position, the lines drawn from A r tint nigh the various 
points of the object, as a, &c., may all lie regarded as 
parallel to Shy and in this position therefore the spectatoi 
would only see Ihe edges of the pyramid drawn from the ver¬ 
tex to the points d, A, and v of the base, tlie other edges would 
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be hidden. The vortical projections oV t dtV of the last trill 
be drawn with dotted lines,and the others in full lints. 

In like maimer, supposing the spout at or placed nt a great 
height above the horizontal plane, and in the direction of the 
line drawn through the vertex and centre of the base of the 
pyramid, he would sec in this position all the edges of the 
pyramid, their horizontal projections oa 7 ob t <fce.. are there Fora 
drawn in full lines. 

Prob. 7:2. (PI. VL Fig. 79.) Having th& projection* ({fa 
regular right pyramid t as in the hunt eaxt\ to roast* uvt the 
lengths of its edge# and the dim*' vivo/i.* of its face#. 

The ]horizontal projection of the edge drawn from a in the 
vertex is ao t and its vertical projection «V. The length of 
this edge therefore will he found b\ constructing tin* p ■- 
then use of a right angled triangle, of winch oo is the base, 
and xo\ the vertical distance between I he top and bottom 
punts of the edge, is the perpendicular. In like mannei the 
lengths of the other edges can he found. 

To construct the 1'aee I sounded by the two edges drawii 
f rom the vertex v to the points a and and lie: edge fth of 
the base; we must construct a triangle of which the line a—b 
is the base, and the two edges just, found arc the other two 
sides; this triangle will be the required face,and as the pyra¬ 
mid is regular all the other facts will be equal to this. 

HemnrJc. It, is evident that, having found the faces and 
having the base, a model of the pyramid r ‘desponding to the 
size of the drawing could be cut from still paper, or paste- 
board, and put. Ingethcr. 

Proh, 73, fPl, VI. Fig. To ronrtrttrt foe projrefions 
of an uhUqne pqnnuid with no irregular l tur. 

Let the bast' of llie p\ rmuid be any irregular tjuadrilntoral, 
abed, for example, resting on the horizontal plane of projec¬ 
tion. 

1st, Having drawn the ground liur T construct the base at 
any convenient distance from it, nud set off the position, o t of 
the horizontal projection of the vertex, which is also supposed 
to In' given with resport to tins points of the base. 

2d. Construct the vertical pnijectione a*b r cd f of the point* 
of the base, and d of the vertex. 
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Jtd. Draw lines from o' to the points aWd\ 

Remarks The line o f d f in vertical projection, and the 
line oc t according to what has been laid down, should be 
dotted. 

Having the projection a of a like pyramid we would pro¬ 
ceed, as In the last case, to construct its edges and faces if re* 
quired for a model. 

Ptvl. 74. (PL VL Fig. 81.) To wMstract the projections 
of a right priwn, with a regular hexagonal base. 

Let the t>asc of the prism he supposed to rest cm the hori¬ 
zontal plane of projection. 

1st. Construct at a convenient distance from the ground 
line the regular hexagon «Af:, Ac., of die base; taking two of 
its opposite sides, as b —aml^—e, parallel to this line. 

Sid. Construct the projections h f Vm\ Ac., of the points 
abc, Ac, 

3d. As die edges of the prism arc vertical, their vertical 
projections will be drawn through the joints h f l\ Ac., and 
perpendicular to the ground line. 

4th. Having drawn the^e lines, set uff the equal distances 
K r — a\ V —//, &c.j upon them, and each equal to the height 
of the prism. 

Remarks. As the edges projected in h and <\ and and e t 
are projected in the vertical lines V—U and m — t/ the back 
edges cannot he represented by dotted lines. 

As the top of the prism Is jiarallel to its base it is pr* jected 
vertically in the line a* — d 1 equal and parallel to h f — n\ the 
projection of the base. 

All the faces of the prism are equal rectangles, and each 
equal to b'tfmT the projection of the face parallel to the ver¬ 
tical plane* 

It has been shown, in the projections of right lines, that 
when a line is parallel to one plane of project km, its projec¬ 
tion ou fliat plane is equal to the length of the line, and that 
its projection on the other plane is parallel to the ground 
line. In this case we see that the top of the prism* which is 
a hexagon parallel to the horizontal plane, is projected on 
that plane into the equal hexagon abc, Ac., and on the verti¬ 
cal plane into a line a f — d' parallel to the ground line. In 
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like manner we see that the face of which 6 —c iu the horizon¬ 
tal projection and b r c f m f H the vertical, ia projected on the 
horizontal plane in a line parallel to the ground line, and on 
the vertical plane in a rectangle equal to ltsolf. From this 
we conclude, that token a plane figure isparaUd to one plane 
ofpi'ijeeiion it will be projected on that plane in a figure 
egual to itselfj and on the other plane into a line paralld tc 
the ground line * Moreover since tlie faces of the prism are 
plane surfaces perpendicular to the horizontal plane, and are 
projected respectively into the lines a — b , h — c t &c., we con¬ 
clude that a plane surface perpendicular to one plane of pro¬ 
jection is projectexl 071 that plane into a rigid line , The 
Bame is true of the hasu and top ot the pri&m ; the base being 
in the horizontal plane, which is perpendicular to the vertical 
plane, is projected into the ground line in A '—tt , the top 
being parallel to the horizontal plane is likewise pci'[>endioU’ 
lur to tlie vertical plane, and is projected into the line 
a*—?/', 

Tiwer# of Plan ex on the Planes of Projection*. The plane 
surfaces of the prism and pyramids m the preceding pmldrutiB 
being of limited extent, we have only hud to consider the 
lines in which they cut tlie horizontal plane ot projection, as 
a — b t 6—-f?, ite + , ihe hounding lines of the bases of these solids 
These I i nee arc therefore properly tlie traces of these limited 
plane surfaces on the horizontal plane. Cut when a plane is 
of indefinite extent;, we may have to i i r isider the lines in 
which it cats, or meets both planes of projection. The most 
usual cases iu which we have to (voider these lines are in 
those of profile planes, and planes of section, in which the 
planes are perpendicular cither to the horizontal, or vertical 
plane, and parallel, or oblique to the other. 

The position of the trace of a plane, when jyarallel to one 
plane of projection and perpendicular to the other, as haa 
already been shown, ia a line parallel to the ground line, and 
on that plane of projection to which the plane is perpendicu¬ 
lar, aa the lines 5— 1 ‘, and f — c t for example, which arc tha 
traces on tlie horizontal plane of the faces of the prism, which 
are perpendicular to this plane, and parallel to the vertical 
plana. The B&me may be said of the line a! — d\ which would 
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be llic trace of the plane of the top of the prism, if it wera 
produced hack to meet the vertical plane* 

Wben the plane ie perpendicular to the horizontal plants 
but oblique to the vertical, as for example the face of tlio 
prism of which a—f or d—t Is the horizontal trace, its verti* 
cal trace will be perpendicular to the ground line at the point 
where the horizontal trace meets this line* To show this, sup 
pose the prism so placed as to have its hack face against the 
vertical plane; thou the line <i—f for example, will he oblique 
to the ground line, the point/of this line being on it., at 
the point l\ whilst the line /'— h\ the one in which the oblique 
face meets the vertical plane, or its trace on ibis plane, will 
be perpendicular to the ground line* The same illustration 
would hold true supplying the prism laid on one of its faces 
on the horizontal plane, with its base against Ihe vertical plane. 

If A—B {1*1. VI. Fig. 82) thenfore repretfenftt the horizon¬ 
tal trace of a plane perpendicular to the horizontal plan? if* 
vertical trace wilt he a line b drawn from the jftiint B, 
where the horizontal trace cuts the ground litu^perpt'mlieu- 
lar to this line . la Uke< manner* if £— F V,v the rertieal 
trace of a pktne perpendicular to the vertical phtne and 
oblique to the horizontal plane^ the line £—f perpemUoular 
to the ffraitiul line h if# horizontal trace. 

Prob . T5, (Ph VL Fig* To construct the projections 
and sections of a hollow cube of given ditiwutwnx. 

Let ub suppose the cube so ]>laeed I lint, its base resting cm 
the horizontal plane of projection in front of the vertical 
plane, its front and hack faces shall bo parallel to the vertical 
plane, and its other two ends perpendicular to this plane. 

Having constructed a square abed (Fig. X) of the same 
dimensions as the base of the given cube, and having its sides 
ah and cd parallel to the ground line, and at any convenient 
distance from it; this square may be taken as the projection 
of the base of the cube* lint as the top of the cube is para I- 
lei to the base, and its four faces are also perpendicular to 
these two parts, the top will be also projected into the square 
ffW, and the four sides respectively into the sides of the 
square. The square abed will therefore he the horizontal pro¬ 
jection sf all the exterior faces of the cube. 
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Having projected the base of tiic cube into the vertical 
plane, which projection (Fig. T) will be a line A'—1 \ on the 
ground line, equal to a—6, construct the square a'h'Vk* equal 
to abed . This is the vertical projection of the cube. 

Ae the interior faces of the cube cannot be seen from with¬ 
out, the following method is adopted to represent their prt>- 
jeetione: within the square abed construct another represented 
by the dotted lines, having its Bides at the same distance from 
the exterior square as the thickness of the sides of the hollow 
cube. This square will be the projection of the Interior faces; 
and it is drawn with dotted lines, to riiow that these faces are 
not seen from without. 

Supposing llie top and bottom of tbu cube of the same 
thickness as the sides, a like square constructed within a'6T/*' 
will be the vertical pr<gectiun of the two interior faces, which 
arc perpendicular to the vertical plane, and of tlic interior 
faces of the top and base. 

Having completed the projections of the cube, suppose it 
js required to construct the figures of the sections cut from it 
by a horizontal plane, of which M—X is the vertical trace; 
and by a vertical plane of which O — 1* is ihe horizontal 
truce. The horizontal plane of section will cut from the 
exterior faces of the cube a square mojttt (Fig, Z) equal to the 
one abtxij and from the interior faces another square equal to 
the one in dotted lines, and having ite. sides parallel to those 
jt mojm. The solid portion of the four sides cut by the 
plane of section would ho represented by tne shading lines, 
in Fig. Z. 

The plane of section of which O—P is the trace, being 
oblique to the side's, will cut from the opposite exterior faces 
a—d „ and h—<\ and the exterior faces of the top and base, a 
rectangle of winch r—u (Figs. A" IF) is the base, and r — r* 
(Fig, IF) equal to the height h* — V , is the altitude; in like 
maimer it will cut. from the corresponding interior faces a 
rectangle of winch x—t is the lmse. and equal to the 

height of the interior face, is the altitude. The sides of the 
interior rectangle will be parallel n> those of the one 
exterior; the distance apart of the vertical ride-* being equal 
to the equal distances r —* (Fig. X) and t — i ; and that of 
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the harisontal sides being the same aa the thickness of the 
top and base of the cube. In other words, as has already 
been stated, the figure of the vertical section is the same that 
would be found by tracing the outline of the j>art of the 
cube, cut through by the plane of section, on the vertical 
plane of projection. 

Reman Sw. The manner of representing the interior faces 
of the hollow cube by dotted lines is generally adopted for 
all like cases; that is, when it is desired to represent the pro¬ 
jections of the outlines of any part of an object which lies 
between some other part piMjected aud the plane of pro¬ 
jection. 

Where several points, situated on the same right line, as 
r, «, 11 , on the line O^P (Fig. X), am to be trui inferred lo 
another right line, as In the construction of (Fig. IF), the 
shortest way of doing it, and, if care be taken, a ho the most 
accurate one, is to place the straight edge of a narrow strip 
of paper along the line, and cmitming it in Ihi* potion to 
mark accurately on it near the edge the position* of the 
points. Having done this, the points can be transferred Iroiu 
the strip, by a like process, to any other line. The advantage 
of this method over that of transferring each distance by the 
dividers will be apparent in some of the succeeding pruhUuui. 

Prob* 7fi, (PL VI. Fig. £4.) To eonutruM the projec¬ 
tion# of a ret/nhir Jwttoio pyramid truncated loj a phne 
oblique to ike horizontal jdaoe and jtrrpendieular to the ver¬ 
tical plane. 

Let us suppose* the base of the pyramid a regular pentagon 
Having constructed this base, aud the projections of the 
different parts of the entire pyramid as in Proh. 7l, draw a 
line, oblique to the ground line, as the vertical trace 

of the assumed truncating plane ; the portion of the pyramid 
lying above this plane being supposed removed. 

Now, as the trim eating plane cute all the faces of the 
pyramid, and as it Is itself perpendicular to the vertical plane 
of projection, all the lines which it cuts from those faces will 
be projected on the vertical plane of projection in the trace 
M — N. The points t\ v\ and u\ where the trace 
M—2f cuts the projections of the edges of the pyramid, will 
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be the projections of the points in which the truncating plane 
cuts these edges; and the line r* — v* for example is the projee- 
tion of the line cut from the exterior lane projected in iW, 

The horizontal projections of the points of which / t v\ 
it e., are the vert ical projections, will he Ion ml on the hori¬ 
zontal projections re, vb } &c + , of the edges of which vV, v*h\ 
Ac., are Ihe vertical projections, and will be obtained in the 
usual way* Joining the corresponding points e, V f Ac., 
thus obtained, the figure r&iw, will he this horizontal projec¬ 
tion of the one cut from the exterior faces of the pyramid by 
tire truncating plane. 

Tims lar nothing has hcen said of the projections and 
sections of the interior faces of the pyramid. To construct 
these let us take the thickness of the sides the hollow 
pyramid to lie the same, in which case the interior faced will 
be parallel to and all at the same distance from the exterior 
faces. If another pyramid therefore were ho formed as to lit 
exactly the hollow space within the given one, its laces and 
edges Would he parallel to the corresponding exterior faces 
and edges of the given hollow pyramid, and its* vertex would 
likewise he on the perpendicular fnmi the vertex tJ the given 
pyramid to its ha m?. Constructing therefore, a pentagon, 
having its sides parallel to, and al the same distance 
from those of ahwh\ this figure may be a^umed as tbe Imeu 
of the interior pyramid. Thu horizontal projeelhms of its 
edges will be the linos n/t % 'un, Are. To 1U"* the vertical pro¬ 
jections of these lines, which will be parallel to the vertical 
projections of the cojTOSjxinding e. bu ior edge*, project tho 
points w, 9J, Ac., into the ground line, at m', Ae. h and, 
from these last point#, draw the lines mV , //« 7 , parallel to 
the corresponding ones av\ &V, Ac*; the lines mV', Ac., 
will be the required projections. 

To obtain the horizontal projection of the figure cut from 
the interior faces by the plane of section, find the jniinta 
2 , y, :r, Ac., in horizontal projection, corresponding to the 
points z\ y\ Ac., in vertical projection, where the trace 
Jf—iF cute the lines mV', «V', Ac. ; joining these point! 
the pentagon ay®, Ac,, will be the required horizontal projec¬ 
tion. 
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Having constructed the projections of the portion of the 
pyramid below the truncating plane, lot :t now be required 
to obtain a section of this portion by a vertical piano of m* 
tion through the vertex* For this purple, to avoid the con¬ 
fusion of a number of lines on the same drawing, let ua 
construct (Fig* 85) another figure of the projections of the 
outlines of the fates, Ac. Having drawn the line 0—P for 
the trace of the vertical section through the projection of the 
vertex, we observe that this plane cute the base of the hollow 
pyramid cn the left-hand side, in the line a —A, and on the 
opposite si te in the line in —setting off the distances 
(Fig. SO) a' —//, // — vh, and n — m r on the ground line, 
reflectively equal to a —6, &c. n we obtain the lino of section 
cut from the buss. Now the plane of section cuts the exterior 
line of the top (F\\ S5) on the left-hand side, in a point hori¬ 
zontally projected in c, and vertically in c\ the height of 
which point above the base is the distance if — d’; in tike 
numuer the plane cute the interior line of ihe top, on the same 
Aide, in Ihe point projected horizontally in and vertically 1 
in d ! \ its height above ihe base being d*—d \ The corre¬ 
sponding points of Ihe top on the opposite side are tJmse pro- 
jeeled in v, */' ; and yj, j/'/ iheir cones] tending di'tuners 
above the base being resj>ee,bvely *t — t* ft and jf —y/ J . 

Having thus found the horizontal and vertical distances 
between these points, it is u£u\y to construct Iheir positions in 
the plane of section* To do this, set off mi the ground line 
(Fig* 86) the distances of — c\ a —<l\ mf — a\ ami m! — j’\ 
respectively equal to the equal corresponding distances 
Ac* (Fig* 85), on 0 — P * At the points <; r , d\j*\ and *f draw' 
perpendiculars to the ground line, in which set off the dis¬ 
tances c r —c", Ac., respectively equul to those r —/' of Fig, 
85, Having drawn the lines n/— f f — d'\ ami ?f-~d'\ ibo 
figure a r Vd f *cf* is the section of tlic left-hand side; in like 
manner mWjPo” is the figure cut fri m the opposite face by 
the plane of section, 

Aa the (Fig* 86) represents a seetijn, and not a profile of 
the pyramid, we must draw upon it the lines of the portion 
of the pyraimd which lie behind the plane; that, is the 
portion of which nnrdm U Uv buse. It will bo well to 
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remark, in the first place, that removing the portion in front 
of the plane of section, and supposing this plane transparent, 
the interior surfaces of the pyramid would he wen, and the 
exterior hidden, the outlines of the former would therefore be 
drawn full oil the plane of section, whilst those of the latter, 
if represented, should he in dotted lines* 

To construct the projections of these lines on the plane 
section, we observe that this plane, being a vertical plane, 
and V being Its hare on the horizontal plane of projec¬ 
tion, this line O—!* may be considered as die ground hr jo o£ 
these two planes; ill the same manner a? G—L is the ground 
line of the horizontal plane and rln original vertical plane of 
projection. This being considered, it is plain that all llm 
parts of the pyramid should he projerled on this new vertical 
plane of projection, in the same manner as on the original 
one. Let tis take, 1W example, Ihc interior edge* of which 
z is the horizontal projodion. The point y, being in the 
horizontal plane, will he projecled, in the ground line 0 — 
into q f ’ ami the point s would he prnjcclcd by a perpendicu¬ 
lar from z to (7—/k, at a heigh I above ^—-/\ eijual to the 
height of iln vertical projection oil the original vertical plane 
above the giumid line G — L* which is z —To transfer 
these distance., to the wet ion (Fig- 8ti) 7 take the distance *t —y , 
on O —Yk and set it. oft from *$ to q* on tlie section ; this will 
give the projection of q on the seciion, Next take the 
distance <t—z\ fr.un 0—/k and sel it off h- ' . a In r' on the 
seel ion, and at z ‘erect a perpendicular ti> I he ground line; 
take from (Fig. So) the distant 1 r -rk and ^ f it ell from 
z r U> z" on tin: sect mii; the point s' will he the project ion of 
the upper extremity of the interior edge in ijuestiou on the 
plane of Rectum ; joining therefore the points q* and z f \ flnta 
determined, the line q —r" is the refpiiml projection. hi 
like manner, the pmjections or the other interior and exterior 
edges of the portion oi the pyramid behind the plane of 
section can he determined and drawn, i\* shown In the section 
(Fig. 8fi). 

The preceding pmbletns contain the solutions 
of all cases of the projections and sections of bodies, the 
outlines of which are rigid lines, and their Biirfaces plane 
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figures. As they embrace a very large class of objects in the 
arts, it is very important that these problems should be 
thoroughly understood. One of the most useful example* 
under this head is that of the plans, elevations, ami sections 
of an ordinary dwelling, which we shall now proceed to give. 

Prob. 77. J Hart ft f rfevaiionny <hei. t of a hou&r. (PL VI1. 
Fig. S7.) Let us suppose flic house of two stories, with base¬ 
ment and garret rooms. The exterior walls of masonry, 
either of stone or brittle. The interior wall, separating the 
Lai! from the rooms, of brick. The partition walls of the 
parlors and basement of timber frames, filled in with brick; 
those of the bedrooms and garret of timber frames simply. 

It is necessary to observe, in tbe first place, lhal the gen 
eral plans arc horizontal suctions, taken at some height, say 
one foot, above the window sills, for the purpose id showing 
the openings of the windows, ifcc.; and that the ncetirms arc 
so taken as best to show those portions not down on the 
plans, as the stairways, roof-framing, Ac. In the second 
place, that in the plans and set-turns arc shown only the skele¬ 
ton, or framework of the more solid parts, as llic masonry, or 
timber framing of the walls, llooring, roof, ite. 

Pkttw. Having drawn a ground line, (i —A, across the. 
sheet on which the drawings are to be made, in snch a posi¬ 
tion a* to leave snllicient. space on each side of it for the plans 
and elevations respectively, commence, by drawing a line 
A—U parallel to U —X, and at a convenient distance from it 
to leave room for the plan of the first, stun towards the 
bottom of the sheet. Take the line as the interior 

face of the wall, opposite to the one of which the elevation is 
to be represented. Having set off a distance on A — B equal 
to the width between the side wall*, construct the rectangle 
ABC 7 JJ i of which the sides A — D and B— (1 shall he equal 
to the width within, between the front wall D—V and the 
back A — B. Parallel to these four sides, draw the four sides 
a — 6 t l —(?, Are., at the distance of tlie thickness of the exterior 
walls from them. The figure thus constructed is the general 
outline of the plan of tbe exterior walls. 

Next proceed to draw the outline of the partition wall 
B—F separating the hall from the parlor. Nest the wall* 
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of the pantries, Q and 27J between tlie parlors. Then mark 
out the openings of the windows w, w>, and doors d\ d\ in tho 
walls. Then the projections of the fire-places,^ in the par¬ 
lors. 

Having drawn the outline of all these parts with a fme ink 
line, proceed to fill it between the outlines of the solid pails 
cut through, either with small parallel lines, or by a uniform 
black tint Then draw the heavy lines on those parts from 
which a shadow would be thrown. 

As the horizontal section will cut the stairs, it is usual to 
project on the plan the outlines of the steps below the piano 
in full lines as in S j undj sometimes, to show the position of 
the stairway to the story above, to project, in dotted iitws^ the 
steps aljove tho plane. 

If the scale of the drawing is sufficiently great to show tho 
parte distinctly, the sections of the upright timbers that- form 
tho framing of the partition walls of the pantries should lie 
distinguished from the solid filling of brick between them, 
by linos drawn across them in a different direction from those 
of the brick. 

The [dan of the second story ifl drawn in the same manner 
as that of the first, and is usually placed on one side of it 

Front r/e*w*foH. The figure of the elevation should be so 
placed that its parts will coitcsjmhiU with those on that part 
of the plan to which it belongs; that is, the outlines of ite 
walls, of the doors* windows, <W\. should I - mti the peipcn- 
diunlare to the ground line, drawn from the: corresponding 
parte of the front wall 1 ) — C\ Ji: u ost cases the ouilines of 
the principal lines of the cornice are put In, and ihose of tho 
caps over the windows, if of stone when tin 1 wall is of brick, 
Ac,; also the outline of the porch and steps leading to it. 

Section* In drawings of a structure of a simple character 
like this, where the relations of the parts are easily seen, a 
single section is usually sufficient, and in such cases also it Is 
usual to represent on the same figure parts of two different 
sections. For example, suppose 0 —/' to be the horizontal 
trace of the vertical plane of section os far as /*, along the 
hall; and —R that, of one from tho point Q opposite P 
along the centre line of the parlors. On the first portion will 
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be shown the arrangement of the stall ways; and on the 
other the interior arrangements from Q towards Zf< With 
regard to tlu* jioaiIiihi for the figure of the section, it may, in 
some caw, he drawn by taking a ground lino parallel to the 
trace, ami arranging ilic lines of the figure 071 one side of this 
ground line In the same relation to the side B—(\ of tlm 
plan, as file elevation haft wilb respect to the side A — It; hut 
u this method is not always convenient, it. Is usual to place 
the section as in the drawing, having the same ground line a s 
the elevation, placing the parts beneath the level of the 
ground below the ground line. 

For llio better understanding of the relations of the parts, 
where the sections of two parts are shown on the same figure, 
it is well to difiw a beavv uneven line fiom the top to the 
bottom of the figure, to Indiealc the separation of the pail>, 
afl in T— (I; tile part hereon the left of T — V representing 
the porlimi belonging to the hall, that on the rigid 11 u- portion 
williEn the parlors. In other words, the ligmv reprt^enLs what 
would be seen by a jairfton standing towards the side A — IK 
of the house, were the |mrlu>u of it between him and Ihe 
plane of section removed. 

This figure represents the section ol' the slab's and floors, 
and the portion of the roof above, and basemenl beneath of 
the hall; wilh a section of llie partition wads, floors, roof, 
Ac., of the oilier portion. 

As the relations of the parts are all very simple and easily 
understood, the parts of Ine plans :ls well as of the elevations 
and vertical section being met angular, figmvs of which all I ho 
dimensions am put down, the drawings will speak for them¬ 
selves 1 letter than any detailed description. Nothing further 
need be observed, except that the drawing of the vertical 
section may be commenced, as hi the plans, by drawing the 
inner lines of the walls, and thence proceeding to put in the 
principal horizontal and vertical lines. 

Remark*. In drawings of this class, where Ihe chjeet is 
simply to allow the general arrangement of the stnulure, the 
dimensions of the parts ai^ not usually written on ihem, but 
fire given by the scale appended to the drawing. Whore the 
object of the drawing is to serve as a guide to the builder, 
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who is to erect the atrncturc, the dimensions of ovcry part 
should le carefully expressed in numbers, 1 eg i lily written, 
and in such a manner that all those written endwise the 
plan, for example, may read the same way; and those length- 
wise in a similar manner; in order to avoid the inconvenience 
of having frequently to shift the position of the sIutL to read 
the i min hors aright. 

Whore severni numbers arc put down, expressing the 
respective distances of points on the same right Jiao, it is 
usual to draw a fine broken line, and to write the numbers OH 
the line with an arrow-head ai, cadi jiomt, ax shown in PL 
XI. Fig. tt 9 winch is read—f> fed; 7 feet 6 inches; P> feet 9 

indies and 7 tenths of an inch. 

Where the whole distance is also required to be set down, 
it niiiv lie done either bv writing the sum in numbers over the 
broken line, us In this o;^e, feet indies ami 7 tenths; o* t 
better slid, willi the numbers expressing the partial dManees 
below the broken line, and the entire distance above it. ;w In 
PL XL Fig. Besides these precautions in wrilliig the 
immberSj rarh figure also should be drawn with extreme 
accuracy to ihe given scale, and In- accompanied b\ an ex- 
ljlaiiato -v [wading, or reference table. 

On silt drawings of this du^s the scale to wliieh thedrawing 
is made should be constructed below the ligs,, and be accom¬ 
panied lo an explanatory heading; thus, *'We ttf' hicfie^uf 
pd la otrftr^ it? /ai. In Romo cases, the draughtsman will 
find it more convenient to eon*! met a scale on a strip of draw¬ 
ing paper for the drawing P In made, than to use the ivory 
one: particularly, a* with Ihe pupi L one he i an biv down h\a 
distances at once, without taking them nit with ihe 
dividers, in the same wav as i>oints are transferred by ti strip 
of paper* In cither rase, the mile should be so divided as to 
aid In reading and setting off readily any required distance. 
The best mode of division for this purpose is the decimal; 
and the following maimer of constructing the scale the most 
coincident:—Having drawn a rigid line, set off accurately 
from a point at its left-hand extremity, ten of the units of 
the required scale, and number these from the left ld T 9, i&c,, 
tu tb From the 0 point, act off on the light, as many equal 
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distances, each of the length of the part from 0 to 10, as maj 
be requisite, and number these from 0 to the right 10, 20, 
&v. From this scale any number of tens and units can be at 
onert set off. This scale should Ije long enough to Bet off the 
longest dimension on the drawing. 

See, for example, the scale and its heading at bottom of PI 

m 


Preliminary Problems in Projections, 

Before entering upon the drawings of some of the many 
objects belonging to this class, it will be necessary to allow 
the manner of making the projections of the cone, cylinder, 
ami sphere ; that of obtaining their intersections by a plane; 
and also that of representing their into ructions with each 
Other, 

Cylinder. (PI* X. Fig, 107.) If we suppose a rectangle, 
APCP y cnl out of any thin inflexible material, as stiff paste¬ 
board, tin, &c., and on it a line, (>— I \drawn through its 
centre, parallel to its side B — C, for example; this line being 
so iixed that the rectangle can be revolved, or turned about 
£?—/*, it is clear that the sides A-^I> H and B—(\ will, in 
every position given to the rectangle, be still parallel to 
1 and at. the same distance from it. The hide P —f/,or 
A —/>, therefore, mav l>e said to describe or generate a 
surface, in thus revolving about O — I\ on which right lines 
can be drawn parallel to O^P. It. will moreover bo oB 
Bcrved, that as the points A and /A with I) and V are, 
respectively, at the same perpendicular distance (each equal 
to O — P) from the axis O —7 J , they, in revolving round if, 
will describe the circumferences of circles, flic radii of which 
will also he equal to O — P* In like manner, if we draw any 
other line parallel to A —or D—(\ ns a —6, its point 6, or 
Gj will describe a circumference having for its radius o —6, 
which is also equal to 0— B. 

The surface thus described is termed a rigid circular 
cylinder , and, from the mode of it* generation, the following 
properties may be noted 1st, any line drawn on it parallel 
to the line O — P y which last is termed the axi^ is a right line. 
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juul is termed a right litie dement o£ the cylinder; 2d, any 
plane passed through the axis will cut out of the surface two 
right line elements opposite to each oilier; 3d, as the planes 
of the circumferences described by the points /#, /i, d;c., are 
perpendicular to the axis, any plane bo passed will mit out 
of the surface a circumference equal to those already de* 
scribed* 

Prdh 8Jh (PL X. Fig* 108.) Projections of the efiml r. 
Let us in the first place suppose the cylinder placed on the 
horizontal plane with its axis vertical* III this position all 
of its right line elements, being p:.r;Jlel to the axis, will also 
be vertical and be projected on the horizontal plane in points, 
at equal distances from the point o« in which the axis is pro¬ 
jected. Describing therefore a circle, from the point o t with 
the radius equal to the distance between the axis and the ele 
meuU, this elide u ill he the horizontal projection of the sur- 
face of the cylinder. 

To construct the vertical projection, let us suppose the 
generating rectangle placed parallel to I lie vertical plane; in 
this position, it. will he projected into the diameter *f—b of 
the circle on the horizontal plane, and into llie equal rectan¬ 
gle on the vertical plane; in which Iasi figure r — 

will be llie projection of circle of the base of the cylinder; 
the line o'—// that nf its top ; and {lie lines a* — ti\ ami //—<S 
tbo-e of the tyvo opposite elements. all the other elements 
will be projected on the vertical plane behy *en i1icm l two lurt, 
the rectangle ti'b'vd' will represent the vertical projection of 
the entire surface of the eylindei. 1’ Aiow tlimore clearly, 
let ns suppose the generating rectangle nought in*<> a position 
oblique to the vertical plane, as e— f for example; in Ibis 
posilam, the two elements projected in e y and f *m the hori¬ 
zontal plane, would he projected respectively into e—*>\ and 
f—h\ on the vertical piano; and as the om? projected in f 
J" — h\ lies behind the cylinder, it would he represented by a 
doited line* 

All sections of the cylinder parallel to the base, nr perpen¬ 
dicular to the axis, being cindrs, equal to 1 hut of ihe huso, 
will be projected on the horizontal plane ini j the ehclc of the 
base, and on the vertical in Ibie^ parallel to c—<£* All sec* 
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tionfl through the axis will be equal rectangles; which, in 
horizontal projection, will he diameters of the circle, as t—f; 
and, in vertical projection, rectangles as df*k*o\ All suctions, 
as M— j>arallcl to the axis, will cut out two elements piv* 
je .led respectively in m^m'-p*; and 71, n* ~u T . 

Note. The manner of constructing oblique sec!ions will 
be given farther mi. 

Prof* Sti. (IT Ah Fig. 100 ,) Cone. If in 11 triangle, 
having two equal sides *V—p\ and / -7/, we draw a line 
ji—o\ hireling the base /—</', and suppose ihe triangle 
VCVulvud about lids line as an axis, the equal sides will 
describe the curved surface, and the base the circular base 
of a bud} re rtued a W <jhi c<*nr with a eircuhir hour, 

Fimu what has been said on the cylinder, it will readily 
appear that, in this ease, any plane passed through the axis 
will mil out of the cuncd surface two right lines like r/' -y/, 
and 0 / and, 1 here fore, I hat from the poinl p of the sur¬ 

face, termed iht rei'ft’x, right Hues can be drawn to every 
]>oint uf the circumference of I he base. These right lines are 
termed the right tine eft to ml# of the cone. It will ahn he 
equally evident that any line, as <1 —A, drawn perpendicular 
to the axis, will describe a circle parallel to the base, of which 
a—h is the diameter, and,therefore, that every bccliou perpen¬ 
dicular to the axI b is a circle. 

From those preliminaries, the manner of projecting a right 
cone wit) 1 a circular base, and its sections either through the 
vertex, or perpendicular to ihe axis, will he readily gathered 
by reference to the figures. 

The horizontal projection of the entire surface will he 
within the circumference of the base, that of the vertex being 
at jk The vertical projection of the surface will he the 
triangle d’j/c' / as the projection of all the elements must 
lie williin it Any plane of auction through the axis, as e—f y 
will cut from the surface two ©lemonta projected horizontally 
in p--f and 7?— e ; and vertically in d —p T aud^—7/. Any 
plane passed through the vertex, of winch M—N is the hori¬ 
zontal trace, will cut from the surface two right line elements, 
of which 2 — m »nd p~ 7i are ^ ie horizontal, and p f —irh and 
p — a 1 the vertical project)one. Any plane as 1 l — S passed 
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perpendicular to the axis will out out a circle, of which a—V 
is the vortical, anti the circle described from j> t with a diatom 
tor ft mpnd to is the horizontal projection* F 

7Voft. $7. Sphere* (PI. X. Fig. 110,) Drawing any 
diameter, O- 1\ in a circle, and revolving the figure around 
it, the e lieu inference will describe the surface of a sphere; 
the dEameler A—B perpendicular to the axis will describe a 
circle equal to the given one; and any chord, as a —ft, will 
tW'nbr ;/ circle, of which a —ft is the diameter, Supposing 
the r-phrrt' lo rest oji the horizoniaE plane, having t]ie axis 
O —/ J wrlierii, every seetlon id' tin: sphere perpendicular to 
ihb a \h u ill hr projected on the 1 mizomal plane in a circle; 
and. ,l> 'hr section through the centre cuts out the greatest 
circle, iiie entire surface wlii be projected within the circle* 
the diurnoiei uE wills'll, *,■)“/>, is equal to the diameter of ihe 
genri-jj]ing circle* in like maimer flic vertical projection 
a vi 1! he u circle equal to this lust. The centre of the sphere 
vifl ! e j >f"h jjeclcd in ('and C; and the vertical axis jn V 
and U—ft. Any sod ion, as ft —>S, perpendicular to ihe 
n\h. will cm out a circle of which r'—ft is ihe diameter, and 
hko the \erliral projection ; the lmri/ont;i) projection will he 
a ciirh 1 doscrihed from C with a diameter equal to 
Any scfilnn, as J/—*Y", hy a vertical |jlam i parallel 1o the 
MU'iiriii plane of projection, will also l>c a circle projected on 
I lie horidoniril plane in tit— tt ; and on the \rrtical piano in u 
circle, 1 1 escribed from ( r 'as a centre, n* 1 with a diameter 
equal fo u)- — a, 

ft* iiitft'L'x. The three surface.^ j cl described belong to a 
clas^ termed atfrfttrf'n t*f Vtf'oltiihta^ winch cn.jpn^ \\ very 
large numher of objects; as for example, a 11 iho^e which me 
fashioned by the ordinary turner's lathe p ITsey have alt 
certain properties in common, which arc— Ut, that all sec¬ 
tions perpendicular li t tlie n\U of rovbhil Ion are circles; 
Sid, that id! sections through the u\b of revolution are equal 
figures. 

ftrtth, .Sti. f[ J L X. Fig* 111.; 7b ihvsftf 

a yhjhl t'it t ithu' oy/'Wrr fty ri phit? ttU/tju* 1 tu ifn and 

jn’i'jn ndft idiW to fit*' r'l iirctt? jrftittv q f]*?**}* *iion. 

J ItlliVtL Let tHihh tt titi be llie projections nf 
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the cylinder, and M— M the vertical trace of the plane uf 
section. This plane will cut the surface of the cylinder ik 
the curve of an ellipse, all the points of which, since the euno 
is on the surface of the cylinder* will he horizontally projected 
in the circle ovbh 7 and vertically in m* — n\ since the curve 
lies also in the plane of section. Now the plane of section 
cuts the two elements, projected in a r — d\ and b *—(/, m 

the points projected in a 7 and m r y and fl, and n\ It cuts the 
two elements projected in o r — i\ and n, and A, In the points 
projected vertically in r\ ami horizontally in o and A. Tak¬ 
ing any other element as the one projected In e, /^r H , the 
plane cuts it in a point projected vertically in q\ and horizon¬ 
tally in e. The same projection u and f/ would also corre¬ 
spond to the point- in which the clement projected iuyj e !— 
is cut hy the plane ; and ?o on for any other pair of elements 
similarly placed, with respect to the lino a — h on the base* 
Method. As the plane of section is ]>erpendlenlar to 
the vertical plane of projection, its trace on the horizontal 
plane (PI, VP Fig. will he the Hue J/— J\ perpendicular 
to the ground line. In like manner, If the plane of section 
was cut hy another horizontal plane, aw *j - l; or if the origi¬ 
nal horizontal plane was moved up into the position of the 
second, $—l would become the new ground line, and the line 
the trace of the plane of section on this second hori¬ 
zontal plane. From this it. is clear, that, the line in winch the 
second horizontal plane cuts the plane of section is projected 
vertically iu the ]>ninty/, and horizontally in the line p — p*\ 
on the first horizontal plane. Put the horizontal plane of 
which y—l is the vertical trace, being perpendicular to the 
axis of revolution, cuts out of the cylinder a circle which in 
projected into avbh ; and as it is equally clear that since the 
line, projected in —y/\ lies in the horizontal plane tj —/, 

it must cut the circle also, the points i and «), in which p — p f/ 
cuts the circle of the hase T will thus be the projections of 
the points in question. A like reasoning and corresponding 
construction would hold true for any other points, as T% q\ 

Remarks. Of the two methods here given, the 2 d ? as will 
be seen in what follows* is the more generally applicable* ai 
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retiring more simple constructions; but the 1st is the more 
suitable for this particular case, as giving tlic results by the 
simplest constructions that the problem admits uf. 

Proh m 89 , (PL X* Fig. 112.) To construct the xaiiontt 
of a right cone with a circular base by j)hut<‘& jn^oulicttlnr 
to the vertical jihure of jimjccttotu 

This problem comprises five cases* 1 st, where the plane 
of section is perpendicular to the axis; tbl, where it passes 
through 1 lie vortex of the cone; #d, where ils vertical tnwe 
makes a smaller angle with llie ground line than the vertical 
projection of the adjacent element of the cone dues; 4 th, 
where the trace makes the same angle as thy injection of 
the adjacent element with the ground line, or, in other winds, 
is parallel to this projection ; bth, where Ihe trace makes a 
greater angle than this Hue with the ground line. 

Cases 1st mid h 2 d have already been given in the projections 
of tlie cone (PL X. Fig. 1 U 9 J ; the remaining llircc alone re¬ 
main to be treated of* 

iktac \kl. Ill this case, ibe angle NML , between the trace 
M —JTof the plane and the ground line {/—/,. is less than 
that. oV//, or that between the same line and the element 
projected in u f — a f y and the curve cut from ibe surface of 
the cone will be an ellipse* 

From what precedes (I*rob. if the cone be intersected 

by a horizontal plane, of which g —/ is the trace, it, will cut 
from the surface a circle of which d —</ r ^ the diameter, and 
which will be projected on the horizontal plain in the cir¬ 
cumference described from o on d:is diameter; this plane 
will also cut from the plane of section a right due, projected 
vertically in r' t and horizontally in r — r* ; and the pmjec- 
tions of the points e and u, in which this line cuts the projec¬ 
tion of the dicuinference, will he two points in the projection 
of the curve cut from the surface. 

Oorisfruetitig thus any number of horizontal sections, an 
g —/, between the points w' and «' (tlie vertical projections 
of the points in which the plane of section cuts the two ele¬ 
ments parallel te the vertical plane), any numler of points in 
the horizontal projection (f tlie curve eau be obtained like 
the two, * ano u, already found. 
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On examining the horizontal projection of the curve it will 
be Been that cadi pair of points, like a and w, arc on lines 
perpendicular to m — a r and at the same distance from it; 
and tlmt the points m and n are on the line a— b f into which 
the two dement parallel to the vertical plane are projected 
It will also hi- scon Unit die two points tt and u y determined 
by that horizontal plane winch Insects the line are 

the farthest from the line «*— n. The line tn —which is 
the horizontal projection of the longest lino of the curve of 
section, is the transverse axis of the ellipse into which this 
curve jk projected, and the line tt—ti the conjugate axis, 
Pr**b+ 9L>. ('amen 4 and 5. (J 1 !. X. Fig. 113.) Although 
the curve cut from the surface in each of these crises is dif¬ 
ferent, Cnee 4 giving a parabola, and Cnee 5 an hyperbola, 
the manner of determining the projections of the curve is the 
same; and but one example therefore will be requisite to 
illustrate the two case!-. 

Taking the M-rlicul IruceJZ—*Y, of the plane of section, 
parallel to fd—*/, ils horizontal trace, M—P y will cut the 
circle of the base in two points, n and r ? which are poiuls of 
the horizontal projection of the curve of section. The plane 
cuts the element parallel to the vertical plane, and which is 
projected in o —and o '—//, in a point, projected in m and 
The three points thus found are the extreme points of 
the horizontal projection required. To liml tlie Intermediate 
^joints, proceed as in (\tse 3, by intersecting the colic and 
plane of section hy horizontal planes, as fj — I, and then deter¬ 
mining the projections of the points, as & arid u, in which the 
lines cut from the plane intersect tlie circumferences cut from 
the surface of the cone, A curve drawn through the points 
thus found will be the required projection. 

Pivh, 01. (PI. XI- Fig-114.) To find the projections of 
the cures of intersection cut from a sphere by apbim of sec¬ 
tion^ as in the preceding problems. 

Let o' be the projections of the centre of the sphere; 
if —JFand Jl /~-P the traces of the piano of section. 

Intersecting the sphere and plane by horizontal planes like 
y —j, as in the preceding problems, and finding the projec¬ 
tions of tlie lines cut from them, the point?, as h and a, :d 
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which three intersect, will lie joints in the projection of the 
required curve. 

The point* mf and n\ in which M—If cuts the vertical 
projection of the sphere, will be the vertical projections of 
the points in which the plane cuts the circle parallel to the 
vertical plane, and which is projected in a — h ; the horizon¬ 
tal projections of these poin1s will be m y and on a—h+ 
The horizontal projections of the points in which the plane 
cuts the horizontal plane through the centre of lhc 

sphere, are c and d, The projection of ihe curve of Internee- 
tiou is an ellipse, of which e—d U tne transverse, and m—n 
the conjugate axiss 

Fig. A is tin* circle cut from the sphere, the diameter of 
which is 

/VuA, 9:/. (PL X, Fig. I In.) To court t* art, the cum# **/ 
inf* fwti&h of the plane# of section and the Ratfaces in, the 
jnv* rdintf proft/eot#. 

lit each of the preceding problems, the horizontal and ver¬ 
tical piinjectinna of the curves cut from tlie surface have alone 
been found; the true dimensions nf these runes, as they lie 
in their res[*eetIve planes of section, remain to he deter¬ 
mined. 

W Aftfhod An examination nf (Figs, Ill, 111/, 113,114) 
will riiuw that as tlie points vertically projected in in and nf 
and hori/oTituIh on the lines ft, are at the same dislmne 
from the vertical plane of projection, the 3 im joining them 
will be vertically projected into its true lcugtn m T — n\ In 
like manner, the linos cnt. from tne plane of section by the 
horizontal pianos, us y—/, and projected horizontally in *— 
arc projected in their true length, and they, moreover, lie iu 
the plane of section and arc perpendicular to the line m'— rt\ 
If we construct therefore tlie true positions of these lines, 
with respect to each other, we shall obtain Ihe true dimen¬ 
sions of the curve. To do this, draw any line, nnd set ntf 
upon it a distance mf—nf equal to v \*—>// from m\ set otT 
the distances tnf — q\ in —/, in!- -p\ dec, equal to those on 
the corresponding projections mf — q\ &i\\ through the 
points q\ r\& o., draw perpendiculars to m r —n ; and on 
three last, from the same |«>mth. set off each wav the equal 
. * 
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distances /—t, r *— u, &c. r the half of the corresponding 
lengths s — *u } &c* Through the points m\ thus set 

off, draw a curved line; this curve will he equal to the curve 
cut from the surface, 

Uemul's. This curve in the cylinder, and in 6W? JJ of the 
cone, is an ellipse, of which m* — n* is the lengih of ihe trams- 
verse axis, and the line s — u } corresponding to the point i\ 
the centre of m f — n\ is tlic conjugate axis. In the last twi 
CttM8 of the cone, the curve is either a parabola, or an hyper 
boht; and in the sphere it is in all cjumw a circle. 

I*i*oh. 113, "Id Mrtkod. (I 1 !. X, Figs. 11-,113.) bioing 
hack to what has been shown, iu describing the manner of 
generating any surface of revolution, we find that every point 
in a plane, revolved about an axis in that plane, revolves in 
the circumference of a circle, the radius of which is the per¬ 
pendicular drawn from the point to the axis. If then we 
know, or can iind the perpendicular from a jKiint in a plane 
to a line in the same, taken as an axis of revolution, we can 
always eoiiritnicl the position of this point, in any given [>051 
tion of the plane. The ease of j^dnis in rlie vertical plane 
of projection, is already a familiar illustration of this prin¬ 
ciple. The distances of these j joints from the ground line 
tieing the same after the vertical plane is revolved around it, 
to coincide with the horizontal plane, as they were before the 

revolt! th n1 ' 

Now, to apply this principle to finding the true dimensions 
4 if a curve of section ’ let us revolve the plane of section, in 
which the curve lies, around its vertical trace M —.V, for 
example, until the plane of section is brought to coincide with 
the vertical plane of projection. The point of the curvy, of 
which m and for example, are the projections, is at a 
perpendicular distance from the vertical plane equal to the 
distance m — in! 1 of its horizontal projection from the ground 
line; hut as the vertical projection of the point is on the 
trace M — N, the length m —ra" is also the perpendicular 
distance of the point from M—N* Drawing then, from m\ 
a perpendicular to and setting off iqnm it a distance 

m* — m!" equal to m ,r — m t the point m ,ff will be the jmsition 
of tlie point of the curve, when its plane is revolved around 
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M—Ni to coincide with the vertical plane. In like manner, 
the }KJsitious of the points projected in 5 and u arc found, hy 
drawing through the point r\ tlielr vertical project ion, a 
perpendicular to J/—Af, and setting oil on il ike lengths 
r* — 8, and /—■«, cfpial to the respective lengths v—and 
r — the distances <il' the Imri/milal projections of the points 
from the ground line ; and &o on tor the <*lhei points. 

Remark#* A moment's examination of ihc two methods, 
just, explained, will show I hat. their results arc identical, the 
lines, as x —for example, being o." the same length and 
occupying the same position, with i , *‘speet to the e^ual lines 
yti ’—//, and -m* k” . The M'vii.d >hovvs the connection 
Wtween ihediltcreuf poiuls mole cl earh than the first, and is, 
in most, eases the more coin e.Limit one tor ron^i-imting them. 

Il will 1 if* seen farther on, that lliis principle of linding the 
true poM!ion< of points in a plane, with respect to each oilier, 
by jvuilving the plane around some line hi it, selected as an 
uxi". i; ut lYmpient. and convenient application in obtaining 
# the projections of points. 

of lhr right etjUtufer awl right roue in jxwf 
flan* 7r/evv j fhrrr *UYJt utr uhUtptr to either ntw or hath pin lira 
o/jrrojrtiift}). 

/Vr •tit/thit't'tf Prohfaa.'i, The 2d method employed in the 
preceding pinpoint, ion, by which ihc true positions of any 
points in a plane are found, when their projections atv given, 
by revolving the plane to coincide with ei'hfv the vertical or 
hori&iutal plane of projection, nmv he used, wilh great 
advantage, for constructing the pi lections of any series of 
points contained in a plane, in ally ftxMttmnf position of tilts 
plane, when the projections of the same ponds ale known in 
any tjitmi position of the plane, 

'Proh M. (PL X, Fig. llti.) Let olfc’d' he the vertical 
projection of a circle, contained in a plane parallel to the 
vertical plane of projection, tJ f which 0 —/* is the horizontal 
trace. As the plane, containing the circle, is perpendicular 
to the horizontal plane, all the points of the circle will be 
projected horizontally in the trace 0 — J\ The points, of 
which a? and //, for example, are the vertical projection!* 
being projected in a and &«. 
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Having the projections of the elide in this [ins if ion of its 
plane, let it be required to find the projections when tho 
plane is resolved about any vortical line drawn in it, as, for 
example, the one of which M—N is the vertical, and O tho 
horizontal projection, and brought into a position, as 0 —/ ,r , 
oblique to the vertical plane of projection. 

From a slight examination of what takes place in Ibis 
revolution, it will he dearly seen, tliat the positions of the 
points in the circle, with respect to the horizontal plane of 
projection, are not changed, ami t.hut they are only moved in 
the revolution farther from the vertical plane. As a familiar 
illustration of tins, suppose a circle described on the surface 
of an ordinary door, when closed. When the door is opened, 
all the points of the circle will still be at the same distances 
above tlic floor, considered as a horizontal plane, as they were 
when the door was closed, the only change being in their 
farther removal from the surface of the wall, considered as a 
vertical plane. Let 0 — P* then be the trace of the plane 
containing the circle in its new assumed position, the points 
in horizontal projection a, tf, &c., will, in this new position, 
he found at ti| T Cj, at the same distances O —from (7, ns in 
their first positions 0 —ti, itc. The vertical projections of 
these points in their new positions will lie found-, by drawing 
through the points tf A , Ac,, perpendiculars to the ground line 
and setting off on these the same distances above the ground 
line, as the original vertical projections of the points. J describ¬ 
ing a curve through the point* tfce„ corresponding 

to <i\ b\ c\ d\ tte., thus obtained, it will I hi the i oil hud pro¬ 
jection of the circle required. This uini 1 will l>e an ellipse, 
of which the line c* — *l'\ equal to c — -*l\ is the lianswase 
axis; and ti"— h*\ the vertical projection of Ihc diumelei 
a—fi parallel to the horizontal plane, i* the conjugate axis. 

Ktiinarlx. From an examination oT the circle and the 
ellipse, it will be aeon, that the diameter of the circle 
which, in the revolution of the plane, remains parallel to tho 
vertical plane, becomes the transverse axis of the clique, 
whilst the one, u* — h\ perpendicular to nsf\ and which, in 
the revolution, changes it^ position textile vertical plane, be¬ 
comes the conjugate axis. Also that all the line* *«f the circle 
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parallel to c f — <I\ as in' — m*\ rcmam of the same length «m 
the ellipse, ami parallel to *S r — d*\ 

la all oblique positions that can be given to the plane of 
a circle, with respect to either plane of projection, the pro¬ 
jection of the circle, upon that plane of projection to which 
it is oblique, will be an ellipse ; the transverse axis of which 
will he that diameter of the circle which is parallel to lho 
plane of projection, and the conjugate axis Is the projection 
of that diameter which is perjamdienjar to the transverse axis. 
Whenever, the re I ore, the projection of ihuse two diameters 
can be found, the curve of the ellipse can he described by the 
usual method*. 

Proh, Ua. [l*\. X. Vig. lltb) Jfanny thejtrojeefionji t>j 

afitfitw rtmfatitrd inti jdttne to one plan# nj 

project** tt y //iff r dtiifjtie to the of he t\ to jtnd the tyuediwien 

bittii# of the jitjttre. 

This problem which is the converse of the preceding is alsc 
of frequent application, m finding the projections of poinU 
as will be '-ecu further on. 

Suppose 0—P\ the hori/iuilul trace of a plane perpen 
dicnla: to the horizontal plane of projection, hut oblique tc 
,tho vertical; and let the jjoiuts rf„ c M h v . Xc., be the horizontal 
]Mojci.iimiSj ai d a\ /\ t, q </' the vertical projection* of the 
[joints of a figure contained in this plane. If we suppose [lie 
plane to be revolved about any line drawn in it perpendicular 
to the horizontal plane, as tJto one, of wim 1 mid At—A 
are the projections., until il is brought parallel to the vertical 
plane, the horizontal trace, after juoj 1 r b mi, wil' be found In 
the position O —/*> parallel to the ground line; and thu 
points tf x r t\\ vVc„ in the m u pr^itinus i/, ' j , ib'em O — P, 
The verl ieul project ions ol tlie>e points will he bun id ir 
<t\ e\ //, d \ dire., at the same height above the ground line aa 
ill their primitive positions. The new figure, being parallel 
to the vertical plane, will be projected In one ^7/eV', ite., 
equal to itself. 

iPmttrlft. This inclin'd, it mu\ be well to note, will also 
bit vc to find the projections oT any points, or of a figure.con¬ 
tained in a plane perpendicular to the horizontal, hut oblique 
to the vertical plane, for any new ohliqne position of this 
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plane, with respect to the vertical plane, taken up, by revolv¬ 
ing it ai-ound a anc assumed in a like position to the one of 
which the projections are 0 , and M— N. 

Pro!/ . 00, (PL XL Fig* 117.) To construct the prtyections 
qf a given right cgU-wler with a cirm/ar base t the cylinder 
resting on the horizontal j>hme y 'frith its axis oblique to the 
vertical piane of j> ny e< *t iu ti , 

Wc have seen {Truk 85) that Ihe axis of a right cylinder 
is perpendicular to the planes of the circles of its ends; and 
that, when the axis is parallel lo one of the [dimes of projec¬ 
tion, the projection of the cylinder on that plane is a rectan¬ 
gle, the length of which is equal to the length of ihc axis, 
and the hreadlh equal Lo llie diameter of the circles of its 
ends; constructing, ihcreforc, a rectangle ohed ) of which the 
side b—c is equal to the length of tin: axiis and the bide a — h 
is the diameter of the circle id' the emit,, ihit, ligurc will he 
the horizontal projection ol' the cylinder; the line o—j>, 
drawn bisecting ihe opposite sides u— A, e —rA is the projec¬ 
tion of the axis. 

To make the vertical projection, it. will lie olaerved, that 
the bottom element of the cylinder, being on the Lomonial 
plane, and projected in the Hue o—p, will be projected inlo 
the ground line, In the line tP—qP / whilsi the top element, 
which i& also horizontally ])rujeeted in o—$>, will bn projected 
in e'— p\ at a height above the ground line equal to the 
diameter of the cylinder. The line h —/', parallel to */' — p'\ 
And Indenting the opposite sides o—*r \ and p is the 

vertical projection of the axis. 

The pianos of the circles of the two ends, being perpendi¬ 
cular to the horizontal plane, hut oldiquc lo the vertical, the 
circles (Prvb. 04) will be projected into ellipses on the verti¬ 
cal plane; the transverse axes of which will he the lines 
q t — o rt t and p'—p*\ the vertical projections of ihe diameters 
of the circles parallel to the vertical plane; and the lines 
at — b\ and d* — ti f , the vertical projections of the diameters 
parallel to the horizontal plane, are the conjugate axes 
Constructing the two ellipses fcV'flV, and d'p'Vp' t the ver¬ 
tical projection of the cylinder will be completed. 

Having the projections id the outlines of the cylinder, the 
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projections of any element can be readily obtained. Let 
us take, for example, the clement which is horizontal!) 
projected in j/t — 11. The vertical projections of the points 
ui, and n* wilt be in the curves of tin* ellipses the former 
either at m , or m" / the hitter at j/ ? or n tf * drawing, there- 
foie, tlie lines m* — ti\ and vi* f - the*e lines, which will 
be parallel to v r — 1 \ will be the \ertmal projections of 
two elements to whh h the horizontal projerlion at— n cor- 
re.'|H)iids. 

I*nth* b7. (PI. XI. Pl^. 11H.) Tti t'utisU'Uii the r,- 

ua in thr inxl j/rt/bfrtn^ wh* u the L ft/ the 

bnl /Jit/yin fit (hr bttnnftil yhuw j the v\jU/nieT 
ht'attj tti ji*>>/f of fh* mitrtff j//,(}//>. 

Thi* problem diih r* iioin (lie pre edin^ ond in that the 
put.jf ii j]| ol die ca iiu^n'i w irji re* peri t< ■ ihe plane* of projec¬ 
tion i* nut-ed ; rim \eriiml | *v* ijori inis, iJiuvfore, in this 
ca-c, will be a ivrlLLhcle, having it- ddr- obliipie In the 
“'|hii[! 1 ', lint 1 ; whilst, lit In 'rizomal |mil, |hi' elements 
will 1 if pr<pjrrU'd |>aralh'l to tlie ^fi mint l:m\ and ibe ended 
of llm o[uL i i j 1 11 j 1 hi j ei|it.d ell i j 'M - >. 

L < y n i;ike I he j n'o|rof [un*, let man;: ur rim < \ b i idor ieM- 
ht'S on :l holid, of which the rot-langSc A")" is the horizontal) 
rind tin 1 "Tie Z [lie mmIli al project:im, ami tnndiing ihe huri- 
zmilal plane at ihe pdiil of its lower end, of wlueh r and r f 
a>e the projections. in thi> portion, ilir I'emnii^le rd*ft\t\ 
eotiMnMrd espial to (lie ^eneml recbim . v. :!■ he the ur- 
licnl projection of the e\ tinder 1 !!"■ lines d- — j>\ and </ — j\ 
the | j it ijcet ions ol the a Ms ; ami t n t wo ell 1 ] ert/K and 
cay/", of which r —/. and * j —eijmri to the diameter* of the 
chi le* of the ends, are ihe transverse, and d am! 
the horizontal piojeetlons of ihe diameters paiallel to the ver- 
lieal plane, are the conjugate uM>,t!ie project ions of the cuds* 
Anv line, as tu —//, drawn parallel \<* o' — p\ will he the ver¬ 
tical projection <d Iwfi eleniEmts, the ho] Ezonlal project ions of 
which will he the two lines at — tt , drawn al e<pial distaneca 
from o—- jt< the flints m,/ jj, and on the ellipses, being 
the horizontal projections of the points of which m\ and ni 
are the vertical projections, 

Prob. 9S. (Pi. XL Tig, 11Q,) To vomtmcf the 
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tiantiy as in the 1 1 #£ problem t viftr/t the oxtx of the cylbuiiir U 
oblique to h*th qifitnv# af jvrojertitm. 

To simplify this case, lot us imagine Hie cylinder, with the 
solid XY } Z on which it rests, to ho shifted round, or re- 
yoked, so as to bring them both oblique to the vertical plane 
of projection, but without changing llicir position with respect 
to the horizontal plane, in this new }>osition, since the cylin¬ 
der maintains the same relative situation to the horizontal 
plane as at. lirst T it is evident that, its horizontal projection 
will be the same as in the preceding ease; the projections of 
the axis and elements being only oblique instead o[ parallel 
to tie ground line. Moreover as all the points of the cylin¬ 
der arc at the same height above the horizontal plane m the 
new as in the former posit ion, their vertical projections will 
be at the same distance above the ground line in both push 
tions; having the horizontal projection of any ]>oint in the 
new position, It will be easy to hud its vertical projection by 
the usual method, Proh. 04. In the vertical projection of 
the axis o'—p\ in the new position, the points o\ and p* will 
be at the same distance above the ground line as in the origi¬ 
nal une. The vertical projections of the circles of the enda 
will be the ell ip-os orb f t\ and The vertical prnjoe-. 

lions of the elements, of which the two lines m—n are the 
horizontal projections, will be the lines in f — n.\ and m fr — n ,r ; 
&e., ifcc. 

liemarka. The preceding problem naturally leads to the 
method of constructing the projections of any body, upon 
any vertical plane placed obliquely to the original vertical 
plane of projection, when the projections on this last plane 
and the horizontal plane are giwm A moment's reflect ion 
will show that, whether a htnly is placed obliquely to the 
original vertical plane and in that position projected on It, or 
whether the projection is made on a vertical plum 1 oblique to 
the original vertical plane, but so placed, with respect to the 
body, that the latter will hold llie same poeil ion to the oblique 
plane lliat it does to the urlginal vertical plane, the result in 
both ease;* will be the same. If, for example, tV — IJ be 
taken as the trace of a vertical plane oblique to the original 
vertical plane of projection, and such that It makes the same 
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angle, ffJM, ill ihe horizontal projection of the axis of 
the cylinder, as ihe latter, in iu obliqne position to the origi¬ 
nal ground line f/ — 4 t makes witli this line; and l!ie eylin- 
der be thus projected on this now vertical plane, and with 
reference to the new ground line, G*—L in the same maimer 
as in its olrihjui; position to the original vertical plane of pro¬ 
jection, it is evident that the same results will be obtained in 
both eases; since ihe position of the cylinder, with respect to 
the original vertical piano, is precisely the same os that of 
the new vertical plane to the cylinder in its original position. 
If, thoiefore, perpendiculars be drawn, from the horizontal 
projections of Hie points, to die m w ground line G—L\ and 
dhiuLiccb be set olf upon tlu'in, above this Ji lj i-, eipud to the 
dchinecs of the vcilicul projertiom of Ihe same poinls abeoc 
6'—/., the points thu* obtained will be the new vertical pro¬ 
jections. 

lly a similar method it will he seen that a vortical projec¬ 
tion on any new plane can be obtained when the horizontal 
ami vertical projections on the original planes of projection 
are known. 

Prob* 90. (Ph XI. Kig. 120.) r J\> ctttttt&rt«}£ the ]>i‘nja! 
(tun* of ft riijht mne with a Circuit tv baxe, the am a realitoj on 
?Vft Kfdea on the horizontal owl haidtuj its muu pahtfftrl 

to the vertiml i i>lane i <?>wd iofamf **f it* 

In this position of the cone, ils vertical projection will lie 
equal to its generating isosceles triangle. ****** ■ and the lino 
d—t* drawn from the projection of the \er!cx, and bisecting 
the projection of the base, a—b , ^ the p*oj;rti m of tho 
axis. 

To construct the horizontal projection, draw a line b^e, 
at any convenient distance from the ground line. Tor the posi- 
tion of the horizontal projection of ihe axis; and iind on it 
the horizontal projections <■, and v id the pmnls corresponding 
to those o\ and o f nf the vertieal projection *d' the axis; 
through the point n drawing a line d— t. perpendicular to 
b- r, and setting off from o ihe distances o — d y and o —<?, 
eipuii to the radius of the circle ot (he rone’s Ire-e, the line 
d -e will lie the iran^u r^ axis of (ho ellipse, into whirl] the 
mu le of the base is projected oil the horizontal plane. The 
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points b, and a aro the horizontal projections of the points oJ 
the base of which ¥ and a' are the vertical projections; aud 
a is the conjugate axis of the same ellipse. 

To find the horizontal projection of any element, of which 
c f —W, for example, is the vertical project urn, find like hori¬ 
zontal projections m corresponding to itd and join them 
with e • the two lines o—vi will be the horizontal projcrlnms 
of the two elements of which <■'—ml is the vertical projection. 

If it is required to find the horizontal projediom of any 
circle of the com 1 parallel to the hiise, of which hf—f\ ptiral- 
lel to <t r — h\ h the vertical projeetion T find the ImrizoiitiLl pro¬ 
jection / of the point eonwpnnding to flic projection % on tlio 
axis; and through i draw j*—*) parallel to *7—vy this will 
gi\e tlie tramuTse of the ellipse into which fhu circle in 
projected on the Jn?iiz<m!:i] plane; the point* t t\ and /f.enr- 
rt^poitdin^ to y 1 mid h , me I lit: In tj’l/.i mtal project ion* < d I lie 
cxlremilies of ihe conjugate axis? f- — It* 

Prah t 11)0. (PL XL fig, lilh) Ttt * oHbfntt'f th> pv^jec- 

tioim t> f (In' dun' /'t'sfft/ff* nt the stunc t/ttttan-r tf. s- m lit*' hrH 
jn'nhh'nt^ (m fht hurccuufiHjfhdn^ viml hnvunj its (U'ta nhhqui 1 

to the rctf/eul phtue *tf jintjeefnm. 

In this position of the c-»ue its horlzimta] projection will be 
the same as in ihe la 4 problem ; the verlieal projection* of 
the diJlcrenl pojnis will he found n? in the omo of flic c; lin¬ 
den having Its u\i> oblique to holii planes of projections; 
since tlie heights of ihi: dlllcrcnt. poiuls nln>\e the horizontal 
plane remain us they were before ibe po-dlion of the cone 
was changed with icspcei to flic vcnicnl pliinr. 

Path. 10L If we imagine the cone hi placed, with respect 
to the vertical plane. that the horizontal projection of It* axis 
Is perpendicular to the ground line, then its vertical projec¬ 
tion will be as represented in (Pi. XI. Pig. 122j h in which 
the element, or bide on which the cone rests, will ho projected 
in the point elf and the circle of the base into the ellipse 
aVe’d ? of which a* — d\ parallel to the ground line, and 
equal to the diameter of the circle of the lmsc, is the transverse 
axis. The projection of any circle parallel to the base will be 
const me ted in a like manner. 

Prob , 102 . (PL XII. Fig, 123 .) To construct the jrtvyeo 
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tiojis of a right holbm cylinder with a trireuhir bau\ hairing 
its axis parallel lo the verticalplane, but oblique to the hori¬ 
zontal' jdujie of projectiui * the cylinder touching the hori 
zonfat and being in front of the vertical plane. 

Tine easo differs in no other respect from Prob. 97, Fig* 
118, than in Laving for its b:isu n similar Ting Instead of a 
circle. The vertical projection of tin 1 outer surface of the 
v.\ Under will be the rectangle f/7/cV ; / that of the interior 
surface a'ti'ti'tV '; and that, of tlio axis lho line t/—*p\ mul¬ 
ing the sumo angle wish the ground lino :is tlie axis itself does 
with the horizontal plane. 

The horizontal projections ol i* e exterior and interior eir 
t ies of I lie upper md ere the two c .neenl l ie ellipses *//■/*/, mid 
a'/h’t' ; ill o>e of 11 lL' lower end the I wo cHip-s 1 -. and 

ex'ditt! ; and that of the axis the line t *—-jk 

If we eomlruct the circular ring of the upper lm.-e (1*1, 
XII. Fig. 12 F), and imagine planes id" section mj pu-^ed 
through ihe uxi> l i; ilit- cvhnder as lo dUidc It into right 

eijiiui parts, flie^c planes ujll cut the ling of the upper end 

in line-', as /■— uf, q —y>, tVc., drawn i 1 1 ivnigh the ernl re <* of 
the exterior and nilei i« w ciiv.lc*; and I he ring oi t lie lower 
end also in corresponding lines. The ^ame planes will cut 
from the c\. n ior mu [;n e of I ] k■ >tdes eon e>] untiling elements, 
which will he uTticnlb projected jn the hues p ' —y/\ tn — a\ 
ike., ot the rxtrrinr, ami the lines tf — q*\ /—r\ etc., ol the 
interior surface, The corresponding ho: 'mini projectiuina 
ol tlie*u Inns are wi—h, /'—iVr. 

Prob. Fto. (l J L XIL Fig. IiFj.j /’■ const rurf fh>t jtA\}ec~ 

tivm of the hollow wjUuder* ax in the la>! prooUui y the axis 
reoiaifihtg the same with respect to the hori^Ofta!, bat oblique 
to the vertical plane. 

This case is the same, in all material resets, as in Prtdu 
98. Fig. llSh The horizontal projection will he. the sumo aa 
in the last ease; and the vertical projection also will be deter* 
mined, from the vertical projection in the last ease, in the 
aarae manner as in Prob* 9S. Fig. lib, 

Prob* 194. (Ph XIT. Fig. 120.) To construct theprojeiy 
tions of (i Iwltow hemisphere, resting on the horizontal plane 
and in front of the vertical; the plane of section of the 
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hemisphere Iteing perpendicular to the rertwl plane, InA 
oblique to the horizontal plane. 

Ixit rt'rJV'hethe vertical projection of ihiMiXterinrsmTure of 
the hemisphere; *A/V that of the interior surface; and the 
point y/, where the exterior semicircle touches the ground 
lino, ihc vertical projection of the jh.m nt. on which tin? hemi- 
Bphui'ti rests. Let the line n f —e\ he the trace or the? plane of 
section, which forms the top of the hemisphere, and which la 
perpendicular to the vorlical, and oblique to the horizontal 
plane. This plane of section cute from the hollow sphere a 
circular ring, the breadth of which is I he same as the distance 
a '— a'\ between the two semicircles; and the centre of which 
is vertically projected in o\ 

Assuming the horizontal projection of the centre, o t at any 
convcnienl distance from the ground line, the diameter of the 
exterior eirtde of the top ring, projected vertically it) a ! oe\ 
will he horizontally projected in the line we* parallel to die 
ground line; and the diameter vertically projeekd in o will 
be projected in the line >/, drawn through o , pnipendleio 
Jar to a—e ■ and as this diameter is parallel to the horizontal 
plane, it will he projected on it into a line equal to a — e\ the 
diameter of the ring. The exterior circle of the ring will 
therefore he projected into an ellipse, of which the lines 
<r—c, and m—n ai>:! the axes. In like maimer, the interior 
circle will he projected into an ellipse of which the line 
a —ff', the horizontal projection of cr"— e\ is the conjugate, 
and w r — n\ equal to diameter of the interior circle of the 
ring, is the transverse axis. 

The portion of the surface of the hemisphere on the right, 
exterior to the ring, is projected in the semicircle nfni; the 
point f being the vertical projection com?s|xmding to /‘in 
horizontal projection. 

Prob. 105. (PL XII, Fig, 127.) To project the hemi- 
sphere, oh in the laH ewe, the friane of eeetion. retaining the 
Mime i noli nation to the horizontah but being oblique to the 
writ mi plants 

Ab the hemisphere lias not. changed its position with respect 
to the horizontal plane, its horizontal projection will he the 
ramc as in the lust case. 
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The vertical projection will be found, as in similar esiflee 
preceding, by finding the vertical projections of the points 
corrcflpcnding to the horizontal projections in the new poei- 
tuns, which will lie at the same height above the ground line 
in the new as in the preceding position. 

The exterior surface of the hemisphere will be projected 
on the vertical plane in the semicircle of winch </ ii 

the centre, and p'—j/ the radius. 

The horizontal projection of the diameter, coriviq Handing to 
— h\ is the line tj — A t parallel to llic ground line. 


Intersections of the prccetiiny Sttrfaties. 

Tlio manner of finding the projections rjf the lines cut from 
surfaces by planes of section, as well as ihc true dimensions 
of these sections, has already been shown {t*rohtt. ss, A:c.j, 
but in machinery, as well as in other industrial objects, the 
* curved portions are, lor the most part, cither sunn 1 one of the 
preceding surfaces of revolution, or else cylindrical, or roiii- 
cal surfaces, which do not belong to this class: and as these 
Bin faces are frequently so combined as to meet, or intersect 
each other, t is very important to know bow to tied the pro- 
jeetions of those lines of meeting, or intersection; and, in 
houio cases, even the true dimensions of these lines. The 
object then of this section will be togi\< * mie of the more 
usual cases under this head. 

Proh* ldfi. (PI, XL Fig. l^S,) To const met theprojeo~ 
lion* of the linen of intersection o f tiro circular riyltf cylin¬ 
der^ the ttxix of thr one hehoj periodicals* *o the knri&mtal 
plane , and of the other parallel both to the rerliml and kori* 
zonitd plitfic* 

In examining the IIlies in which any two surfaces, whether 
plane or curved, meet, it will be seen, as in the eusc^ of 
/Vo/m. SS, &c., if the two surfaces are in crock'd by any 
plane of section, through a point of tluurlme of meeting, lhat 
tlii* plane will cut. Trom each surface n line; mid that iho 
tines t.lms cut from them, will meet on I he line of intersection 
vf the surfaces, at the point through which the plane of 
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section is passed. From this, it will also he seen that, it 
order to find the line of intersection of two surfaces, they 
must he Intersected by planus in such a way as to cut lines 
out of the reactive surfaces that will meet; and the points 
of meeting of the lines, ilms found, being joined, will give 
the lines 4 if meeting of the surfaces* To apply this to the 
problem new to la 3 solved, let ub imagine the surfaces of the 
two cylinders to be cut hy planus of section winch will cut 
right line element* fnim each, the points of meeting of Ihese 
elements, in each plane of section, will he points of the 
required line of meeting of the two surface*. 

I Ait the circle ahol be the horizontal projection, and the 
rent angle ahVil the vertical projection of ihe cy Under per- 
jauidicular to the horizontal plane; the point ", and line 
*/—]*' being the projections of its hit the rectangles 

jfjht\ and rV</V r ho the projections of the other e\lindcr, 
the lino* r —x and j/ r —// being the projections of il* uxl*. 

]n these positions of the two cylinder*, the vertical mie 
intersceta I ho horizontal one <>u its lower and upper sides; 
and the two curves of intersection will he evidmilv in all 
ros peels the same. Moreover, as these* curves are on llie sun 
face of the vertical cylinder, they will he projected on the 
horizontal plane ill the circle r#/W, in which the surface of 
the cylinder Is projected* The only linos then to he dolor- 
mined are the vortical projections of the curves. To do this, 
according to tho preceding explanation, let us imagine the 
two cylinders cut by vertical planes of section, parallel to Ilia 
vertical plane of projection* 

Let the line t—% for example, parallel to flic ground lino, 
be the trace of o ^ of these planus* This plane will eut from 
the vertical cylinder two elements, which will he horizontally 
projected in the points tn and ?*, where this trace cuts the 
tircle, and vertically in tins two lines and ti — s\ 

The same plane will eut from the horizontal cylinder two 
elements, which will both he projected horizontally in the 
trace /—h, and vertically in the two Lines /'—«/, and f 1 ' — tt i \ 
each at the same distance from the line </ —A'; the one above, 
the other below this line* To find the distance, let a circle 
#V'A", &c M be duflcribed* having its centre r\ on the line 
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r—* prolonged, and with a radius equal to $■ —A, that of the 
base of the horizontal cylinder. This circle may be regarded 
as the projection of ihc horizontal cylinder on a vertical 
plane, taken perpendicular to 1 he asi* of the cylinder. In 
this position of the plane and cylinder, the elements of the 
cylinder will he projected into the circumference e* n tr h w \ Jtc., 
oE the circle; and its axis into the point the centre oL the 
circle. The two elements cut from tin* n linder, by the plane 
of which t—u is the trace, for example, will he projected in 
the points w', and ul / each at the equal distance* &— 
ami frotn the horizontal dimielrr / — h\ of this cir¬ 

cle. Drawing the lines f'— t\ and (** — u f \ at Ihc sumo dis¬ 
tance from t /—us the poinls ;/ and >t tr arc unove and below 
the horizontal dlumoler /—A", they will he the projections j n 
the primithe vertical plane of the same elements, of which 
u and tt’ f are the projections on the vertical plane perpendi¬ 
cular to the axis. The four points r t:\ and f \ in which 
the 1 nes t f — n\ and t ir — a" cut the lines W—x h ', and n — z f 
v will lie the projections of four points of the curves hi which 
the cylinders intersect. In like manner, the vertical projoo* 
turns of as many points of the curves, in which the cylinders 
intorseef above and below the axis of the horizontal cylinder, 
may be found, us will be requisite to enable us to draw the 
outlines of their project,c piis. 

The portions of the curves, drawn in fall lines, lie in front 
of the two cylinders; the portions in doi j d lines, lie on the 
other side of the cylinders. 

The highest points d , and c of tim lower rm ve will lie on 
the elements of the vertical cylinder, projected in the joints 
d y and c. The lowest points y of the same will lie on the 
lowest element of the horizontal cylinder, projected in r — g* 
The corresponding points id the upper curve will hold a 
reverse position to those of the lower. 

Prt*b. 107. (FI. XUI. Fig. 120.) To construct the, pro* 
fictions of the curves of intersection of two right et/linders, 
one of which is vertical, and ike other inclined to the horir 
tontal plane, the axes of both leing parallel to the vertical 
plane* 

Let the trapezoid afV&a* be the vertical projection of the 
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vertical, and the rectangle ffyb* that uf t.lic inclined cylin 
dor. Tin' horizontal projection of the first will he 1 Lie cimle 
adlfc; that of the second figm ^flihtrn; tlio two ends of the 
second being projected into the two equal ellipses fkta , and 
gihn> 

Intersecting these cylinders, as in Proh. 10G, by plant* 
parallel to flic vertical plane; any such plane, as the one of 
which t —?/, for example, is the trace, will cut, from the 
inclined cylinder, two elemenls, projected horizontally in 
t — u } and vertically in the two lines { — ut and f "—paral¬ 
lel to the vertical projection r*—jf of the axis ; it will also cut 
from the vertical cylinder the two elements wq ni r — m*\ and 
n, n l —ft", the points a*, a*, and a?\ wliere these projections 
cross each other, will lie points in the required projection. A 
sufficient number of like points being obtained, the curve 
traced through them will bo the required vortical projection. 
Ab this curve lies on the surface of the vertical cylinder, Etn 
horizontal projection will be the circle mlhe. 

Pruh. 10S, (Ph XII1. Kig. lUu.) To find flw cttrtv.'i of 
intersection of the two tut fifteen ft# in the htat vase^ whoa tiu 
eijlimlers are placed with the- iUth of the inclined vy! tinier 
obi if/u e to the ferfiertt jtlnttc* 

In this new position, the points of the surfaces i-olaming 
their original height above the horizontal plane, the new ver 
ticul projection? of all die poinl> will be at tlie same distances 
idaive the ground line as in ihe premling ease* Having 
therefore drawn the new horizontal pnijcclioii. which will lie 
the same as hi the former case, except the change of its peso 
tion to the ground line, the vertical projections will he deter 
mined as in Proba. OS, <fco. 

The circles of the ends of the inclined cylinder, lacing, in 
this case, oblique to the vertical plane, will he projected on 
It in equal ellipses; the axes of which curves are found a*> in 
J*robtt. W4, ike. 

in this position of the cylinders, the projections of the ele 
incuts cut from the inclined cylinder by the vertical planes, 
rs the one of which t—n is the horizontal trace, can be ol>- 
tamed, as In the preceding ea*es. 

Proh. ]09, (PbXIIL Pig. 1,11,} To construetPteprofee 
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Hons of the curves of intersection of a right cone and right 
cylinder 7 the axis of the cone being vertical, that of the cglin 
tier horizontal and parallel to the vertical jtfiihe. 

Lot ab&l bo the circle of the base of the cone, and a the 
projection of its axis; do*)/ the vertical projection of the 
cone, and d—p that of its axis. The rectangles efjh and 
r'aW', the projections of the cylinder. 

If wo intersect these surf a (his by horizontal planes, any 
such plane, as the one of which t—u is the vertical trace, 
will cut from the cylinder two dements, of which t—a 
is the vertical projection, and from the cone a circle 
which m—n is the vertical projection; the projections uf 
tlie points, in which the elements of the cylinder cut the 
circumference of the circle on the cone, will he points in tin, 
required projections of the curves* The circle cut from tlie 
cone will be the one the radius of which, o — z, is equal 
to (f—m r To lind the corresponding horizontal projections 
of the two elements cut from the cylinder, first on the pne 
Jongation (if f — g\ describe a circle ft*'df\ *te. {IN. XIII, 
Fig* lliil), with a radius sequal to that of the end of ihe 
ey Under, this circle may lie regarded us the projection of the 
cylinder, on a vertical plane perpendicular to the axis ol the 
cylinder; the two elements, cut from the cylinder by the 
plane oi which /— u is ihe trace, will he projected in t.ho 
points v\ and e" ? at equal distances /— d and i — v tf from tlie 
vertical diameter s”—f r of the circle, T 1 two tdenuiUs 
will he piojeuted on the horizontal plane in tlie two lines 
t —w, at. Tlie equal distances /— *. — r" from the horizontal 
projection ns of the axis. The poim> y, y and r, where 
there lines cut. the circumference of the circle o —will l>e 
the. projectitms of four points of the curve; the points f and 
x are the corresponding vertical projections. 

In the positions here chosen for the two surfaces, the 
cylinder til.-, as il were, into a notch cut mUi the cone. TIk 
edges of ibis nolch, on the surface of Ihe erne* are pnijeite^ 
vertically into the curvilinear q.iudiihiteral i/VV'VW/ die 
jiolnts ''being the (ugliest, and c' r iTii■ l-.we^f of the uppej 
edge;‘those *i being the lowest and . tic 1 hh.hc'd of ihe 
lower edge. 
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Fig, 132 represents tho projections of the surfaces on a Bid* 
vertical plane perpendicular t" the axis of the cylinder, 

TIjo projections of the aarnc curves, when the axis of the 
cylinder is placed obliquely to the vertical plane, are obtained 
by the same processes us in the like cases of preceding 
problems, 

/*V/s«ef/rfx When the cylinders, in the preceding /Vo(V, 
have the same diameters, and their axes intersect, the curves 
of intersect Ion of I he surfaces will be ellipse:-, and will be 
projected on the vertical plane info right lim ^ when the 
axes are parallel to this plane. In like manner, in the inter¬ 
sect urn ui the cone and cylinder, the curves) of iiiioihcolion <rf 
the Two surfaces wilt be elbprAh, when Ihe a\e^ of the two 
surfaces intersect, and when tin 1 position of the cylinder 1* 
such, that the circle, into which it F projected on the vertical 
plane perpendicular to its axis, k unguul to lh<^ t\ut clcnumis 
that limit tin; projection of the cone on the same plane. In 
these positions of the two surfaces, it their axe- are parallel 
to the vertical plane, their eunes of inum-eebon siho will be 
projected into right lines, 

]*roh. 110, {FL xni. Fig 133,) 7b nawiruct tft*’J hv* 

jevtttfhx uf the tunx ttf luiwwt'ttoti of a mxuhir etthudv/ 
and hp.ttiixjthetx, thr **f ihe ctftndtT benaj ccWoW. 

Let the circle udhc he the horizontal, at id the rectangle 
aY/sV the vertical projection of llie cylinder; j) t and ]/—f 
the projections of Ets axis. 

Let the semicircles yhf be the horizontal, and tfft'i* the 
vortical projections of the front half of the homisphvi'o, being 
that portion alone winch the cylinder enters; o and {/ the 
projections of its centre. 

Any horizontal plane will cut from the quarter of the 
sphere, thus projected, a semicircle, and from the cylinder a 
circle; and if. the plane is so taken that the semicircle and 
circle, cut from the two surfaces, intersect, the point or points, 
in which these two curves intersect, will be points in the 
intersection of the two surfaces I^ot f/i —■n he the vertical 
trace of such a horizontal plane; it will cut from the spherical 
surface a semicircle projected vertically in m —ra* and hori¬ 
zontally in the semicircle the diameter of which ii 
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equal to m — n . This semicircle cuts the circle adk\ which 
is the horizontal projection of tlio one cut by the same plans 
from the cylinder, in the two points tr and y, which are the 
horizontal projections of the two point* required; their ^ urtical 
projection* are at .r' and y', on the line I>v a like con¬ 

struction, uny required number of point* may be found. 

The highest, point of the projection <d the required curve 
will evidently, in this ease, lie on that element of the cylinder 
which is farthest from the centre of the hemisphere; and 
the lowest jKHnt on the element nearest to the same [joint.. 
Drawing a iitie, from the projection o of the ceniro of the 
hemlspluu'e, through j that of the axis of the cylinder, the 
point* c and ✓/, where It cut* the circle o/W, will ^ive the 
projections of I he two element* in question. Tim ^rtioal 
projections of these points will therefore be h >uud at / ami d\ 
on the vertical [uojeetions of the semicircles of which a —e, 
and a—il are the respective radii. 

The curve traced the points cjjV//, tfcc., i* the 

vertical, and the circle tfdhr tiie horizontal project it m required- 

J't'ith. 111. (1*1. XII1. lob) 7 b the yro* 

jerfiotot o f ike ctirt'rjt of'itth'f'xcrf/wt of a rifjht citxnlar oohs 
and xpht re* 

The procure* followed, in tin* problem, are in all respects 
the same :w in the one preceding Any horizontal plane will 
cut from the two surfaces circles un i the points in which 
the two circles intersect. will he points of d.e required curve. 

Let $hik and fhUld he the poje-tioirs of tin 1 sphere ; o and 
(/those of its centre ; oyhe and a d 1 * the prwj.n imns of the 
cone; o y and o f —y/ those of its axis. 

Let — n * |xi tiie vertical trace of a horizontal plane. This 
-plane will cut from the sphere a circle of which m*—n\ and 
flwvjy are the projections; and from the cone one of which 
r* — s\ and rxfoj are the projections; the point* j and y in 
horizontal projection, and x r and y the convspmulin^ ver¬ 
tical projections of the poinls where the two circles intersect, 
are projections of the joints of the required curve. In like 
manner, the projections of any number of poiutfl may be 
obtained, both in the lower and upper curves, in which th* 
cone penetrates the sphere. 
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The Inchest Mini lowest. points, in tlit; vertical projection of 
the lower curve* wilt lit; on the elements of tlin cone which are 
farthest from find nearest to llic centre of the sphere* These 
two elements are the ones in tho vertical piano containing 
the axis of the cone and the rout re of tho sphere; and ary, 
therefore, projected in the line c— ij y drawn through the 
pointy o and the line o—c being tho horizontal projec¬ 
tion of the element nearest tho centre; and o —y that of the 
one farlhest from it- Tim plane which contains 1 hose elements 
cuts from the sphere a circle* the same as j/ J A7 , A / , and I he points 
where the elements cut,this circle will he the highest and lowest 
of the two curves in question. 

To find the relative positions of the (dements cut. from the 
cone and of the circle cut from the sphere, wo will use the 
method explained in Pt'oh. f J5. For this purjxjsc, let us 
revolve the plane, containing the lines in question, and of 
which fi—y is the horizontal trace, around the vertical line 
projected in t> f and which parses through the centre of the 
sphere, until the plane is brought. parallel to the \cvlicai 
plane of projection; in which new position its trace c—y 
will take the jxisition $—//, turning around the point o. 
In this new' position* the circle contained in ihis plane will he 
projected in lhc original circle tfh*i'Jf / the elements cut from 
the cone into the lines tt *—*/ J and and the points, in 

which the elements cut the circle, iny*'and (/'; c and 
Taking any one of these [mints, as the one d\ it. will he Imre 
Eon tally projected in its new jxisition, in the point z ; and, 
when the plane is luonghl hack to Its original position, the 
point z will come to z f ; and its vertical projection will then be 
at (K the same height above the ground line as ihe point//'. 
The points s r a]id // are the project ions of the highest. point of 
the lower curve* In which the cone penetrate Ihe sphere. In 
like manner, Ihe point c f \ which Is lhc liwesl point, of the 
vertical projection of the same curve, may he found ; also the 
points f and j\ Ihe vertical projections of the highest and 
lowest puinH id the upper rurve. 

The ennes, traced through lhc horizontal and vertical pro 
cetioii- of ihe points thus obtained, will he tho required 
nr>jihm*: of tho curves. 
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Development of Cylindrical and Conical Surface. 

Cylinders ami conei^ when laid mi their sides on a plana 
surface, touch the surface throughout n right line element. 
If, in this position, a cylinder he rolled over upon the piano, 
until the element, along which it touched the plane in the 
first position is again brought in contact with the plane, it ifl 
evident that, in thus rolling over, the cylinder would mark 
out on the plane a rectangle, which would he exactly cqiml 
in surface to the convex surface < \ tlie cylinder. The buso 
of the rectangle being exactly equal in length to the circum¬ 
ference of thu circle of the cylinder's base, and its altitude 
equal to the height of the cylinder, M r the length of its 
elements. 

In like maimer a cone, laid on its side on a plane, and 
having its vertex confined to llie same point, if rolled over on 
the plane, until the element, on which it (irsl; rested is 
brought again info contact with the plane, would mark out a 
surface on the plane exactly equal to hs convex surface; and 
this surface would be I he sector of a circle, the arc id which 
would he described from the point where the vertex rested, 
with a rad w* equal to the element of the cone; the length of 
the arc of the sector being equal to (he circumference of the 
base of the cone; and ihe two sides of the sector being the 
same as the element in its first and last. [Kisifiors, 

Now, any pom Is, or lines, that may have wen traced on 
these surfaces ii: their primitive . 'uti can las found on their 
developments, and be so traced, that, 11 the surfaces were 
restored To their original state, fmm the developments, these 
lines would occupy upon them the same position as at first. 

The developments of cylinders and cones are chiefly used 
ill practical applications to mark out upon objects, having 
cylindrical or eonic.nl surfaces, lines which have linen ob¬ 
tained fi'rjm drawings repft senling the developed fanfares of 
the object. 

l*rob lly* (PL XI. Kig. lTm) To deceit*]* ihe surface 
of a ritjht cylinder * and !** obtain* an the de^ehqitd surface^ 
the curved line ml from the cylindrical sutfor by a plant 
oblique to the twh af the cylinder. 
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Taming to Proh 8S, Fig. Ill, which is the same aa l le 
caie of which the development is here reqmrcdp Draw a rig.it 
line, on which set off a length a —«, equal to the circumfer¬ 
ence of the cylinder^ base; through the points a, eon* 
struct perpendiculars to a — a, on which set off the distance 
a\ equal to the altitude x / — (t f of the cylinder; join 
a* — a*j the rectangle anaa* is the entire developed convex 
surface of the cylinder. Commencing at tile point a> on the 
left, next sot off the distances <i — r, c— 1 \ c — 1\ tfcc., respoo- 
lively equal to the eorresjxmdmg portions of the uimimfrr- 
cnee a —c, &c,; and, at these pi hits, construct perpendicu¬ 
lars to a — a. To find the developed position of the curve 
projected vertically in the points mupn, Ac.; cm the perpen- 
dienlars at «, set off the two distance tf — rn, equal each to 
0 tf — m, on the projection of the cylinder; at c and f the clia- 
tances c —#, and/—each equal to r* on tin* piojortion nf 
the c> limler, Ao<; and so on for die oilier points. Through 
the points Ac., on the development^ trace a curve; 

this will he the developed curve required. 

To show the practical application of ibis problem* let us 
suppose we have a cylinder of any solid material, on the 
surface of which we wish 1o mark out the line that an oblique 
plane would nit from it. We would tli'M make a drawing 
of the intersection of the cylinder and plane* ns in i l roh, ^2, 
cither on the same scale as the given solid, or on a propor¬ 
tional scale ; mid then llie duvdnpmcnl "f the curve. If the 
drawing is on the same scale as the model, tins development 
may he drawn at nnw: on thick paper* or thin pasteboard; 
and the paper he very accurately cut off along the developed 
curve. Then wrapping this portion around the solid, so as 
to bring the tine a~-a to coincide with its base, and the 
two edges <t —r t* to meet. Accurately, the curve may be accu¬ 
rately traced by moving any sharp pointed instrument care¬ 
fully along the upper curved edge of the paper. 

iWj. 113. (PI. XI., Fig, lJJfi.) To thr&d&p the mr~ 
face of a riyht con/’, and that of the cuwe cat from the 
face hy a jdanc ohliqne to the axis of the cone. 

Turning to Pfoh. ay (Fig. U2),ta3ve the distance o'—ti\ the 
length of the element* and from the point o' (Fig, 13fi) 
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describe an are, Commencing at any point, a, of this arc, 
let off along it a length, a — a t equal to the circumference 
aehf of the cone's base ; next set off on this are the distances 
a —tf, e —&o., respectively equal to those a —t j , 0 — b y &e,, 
of the cone's base; and through them draw the radii o* — e y 
<£je, The sector, thus obtained, will be the developed am 
face of the cone; and the radii on it the positions of the 
element* drawn, from the vertex, to the points e, h t f of 
the circumference of the base, which [kiss through the points 
/, V, the vertical projections of the curve. The distances 
o' — ni f and #\from the vertex to the points projected hi tn r 

and x f t are projected in {heir true lengths; setting these off, 
therefore, on the radii o '—11 and </—h from d to m f ami #, 
wo obtain three joints of ttic developed cunc. To obtain 
the true length of the portion of the elements drawn from 
the vertex to the joints projected in /■'/ draw, through r\ 
the line x— t y parallel to d — f/; then t >—jc will be this re¬ 
quired length. Setting this length off, along the radii drawn 
through and <7, from d bo r\ we oht:dn the points correspond¬ 
ing to those of which r f is tlie projection, The curve ?«V/*V, 
iti-,, traced through these points, will be the developed curve 
rt'quircd. 
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Id finding Llit: shadows of object, tins i ays of light arc as¬ 
sumed tn he parallel straight linns; all hough tlji- direction of 
light may be taken in an\ jjo&il-ion, il is customary, as pre¬ 
viously hUted, to assume Midi a directum ihiiL the projections 
shall make angles of 4o J with the ground lino* 

The shadow of a paint is whrm a rut/ uf tight through the 
point jtit J Ct x the xurfarr receiving ihr xiuuhtw. 

To find the shadow of a point ii|Hm either plane ol projec¬ 
tion, puss ihrough the point a ray of light; tint; projection of 
tile ray will generally meet tlie ground line before the oilier;, 
through this point of intersection erect a perpendicular to the 
ground Hue, ami where tins perpendicular ineels ihe othet 
project ion of the ray, will he the shadow of the point. 

If the horizontal projection of the ray meets 0 L first, then 
tiie shadow h upon V } and upon 11 if the vertical projection 
meets OL first; if both projections meet GL at the same 
point. I hat will he the shadow. 

To illustrate, let. it he inquired to find the shadow of the 
point A (Fig. 1. I 4 1- XXI.). Pacing the ray of light All 
through the point, we find ihut. the vertical projection of Ihe 
ray meets the ground Hue first, showing that the shadow is 
upon 11; drawing a perpendicular at // we get b as the 
shadow. If a had been nearer the ground line than a* the 
shadow would have been upon V. 

To obtain the shadow of a right Hue, find the shadows of 
SUV two points, and join. 

To obtain the shadow of a curved line, join the shadows of 
& number of its jHjiuls, 

The shadow of ft solid IS obtained by finding the shadow! 
of those edges, or linos of the surf ace, w hi eh cast shadows* 



SliAlJOWi, 


131 


Proh. 1. ^PL XXI- Fig* 2*) To find fht xhit'iutc of a ettlc. 
Thu edge* which east shadows are it —**■'//> ia——uV, 
The Tdnidow of l lie lirst mn*£ commence at. «, where 
the line pierces If f joining tlii> point \vi11 1 o y the shadow of 
A (fi, ti \ y we lime the shadow of the line a — ab r ; no is the 
el isn low of tti*—a / 'tut* i\\.Jc—da; and fni oifi — tui*. 

Notice that on is equal and parallel to ae — ti\ and utti, to 
fe—tia'f whence we derive the principle that, 

Th& tihiuloffl of a right line upo^a plane *qaaiandjx^r- 
aibl to the liMy when the line ix parallel to the plane. 

Notice also that an and t /b* 1 »o*h correspond with the direc¬ 
tion of the projection of light upa. If * whence the principle 
that, 

The xhttilowvf a right line upon a plane s ft* which it isp t 1 - 
ftt’fatfitjttfttt'y hit# the jifttfae direction on the projection of light 
njwu that plant'* 

lit at tick. In drawing these problems 1 lie shadows might 
be ihjide with pEiiallel lines, or witli a flat. tint of India ink* 
/'cal*. 2 (PI. X XI- Fig, 3.) To find the shadow of (M 
ftad nut of a .square pgmtthtd. 1 ini, linst, the shadow of the 
vertex* V li t and LoV aiv the edges of I he pyramid which east 
shadow^ Emd he and am the shadows of those edges, To 
find the shadow of the j>oiut E it Is sediment to draw the hori¬ 
zontal projection of the ray through e until it meets h& at t / 
or it might. he found in the regular way ; dt is the shadow of 
he —AV/ the shadow oT ho — h*tt is a p. railel through d 7 the 
intersection of this with &r completes the leijidmd shadow, 
Proh. 3. (PI. XXI- Fig* 4.) 2 - find the dutdoto o f adtori 
hexagonal prism. Tim edges widen east shad rws are o^-do\ 
he—it e\ hd—h*v\ dt^df \ e—f*h\ ttc^h r k\ < if- — h r k\ and 
cf- —AV f these am ail right lines, ami ihe construction ol 
their shadows is evident from tin- hgurin 

Find I he shadow when llm prism rests with one of its faces 
in the horizon I al plane, and the base* parallel to V m 

Penh. 4. (irh XXL, Fig. 5.) To find ihe shadow of a ver¬ 
tical cylinder* To determine the 1-nus of the convex surface 
which east, shadows, pass vertical piano of rays tangent to Ihe 
cylinder; rn and tl arc their traces \ these arc tangent to the 
cylinder along the element e — eo\ t — t*r\ tlie lines of tlw 
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■urfaco which cast shadows ; these are called elements, or line* 
of shade. On the upper base that part of the circle to the 
right, and between t and e f caste a shadow. 

The elements of shade cast the shadows etui and tll\ 

To find the shadow of the circle, assume points B , l\ W, 
and find their shadows u\ W, x\ 

Assume a short cylinder in a position similar to that of the 
prism in Fig. 4, l'l. XXL, and lind its shadow on V, 

Prob* 5. (PI. XXL Fig. il.) Shiulotu of a t'tjlmdrical tibii 
cus ajmt ati otiatjotud prisut. That part of the lower base 
of the abacus nearest the light oasts the shadow; to determine 
how much of it casts ihe shadow, p:iss vertical planes of rays 
tangent to the prism, 03 and wx are their tracer; these planes 
intersect the lower b:ise in the points a and tc ; that ['art 
the circle between these points will east the shadow. 

To find the shadow, assume any vertical plane of rays whose 
horizontal trace is et ; lliis plane intersects the prism in the 
vertical line t—n't* ; it also intersects the circle in the point 
S: the shadow of & will l>o at the intersection of the ruv 

J 

through *V and the line t — tdi\ which gi\es us the point n. 
In the same way other [kiluIs or the shadow may lie found ; 
to find the points where the shadow crosses the edges of the 
prism, proceed in the same way, j musing the planes of ray* 
through the edges. 

Find the shadow of a square or hexagonal abacus, upon a 
vertical cylinder. 

Prob . 6. (PL XXL Fig. 6.) Shwhm on interior t>f hollow 
temi-Mflinder* Suppose the cylinder to be vortical and cov¬ 
ered by the lKjard ahvd^ a f —// ; the leftdiand edge of the 
cylinder, arid the lower front edge of the board are the linoa 
which cast shadows on the interior. 

The shadow of the edge of the cylinder is found by }iass 
ing a plane of rays through it; this intersects the cylinder in 
the element /*, li —r/ ; h! is the shadow of E , The shadow of 
the board is found by assuming jioints, as /, N, etc., and find- 
ing the.’r shadows in the same way that the shadow uf E was 
found. 

Find the shadow on the interior when the board ia re* 

a Dved. 
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Prdb. 7 . (PL XXII, Fig 1.) Shatlvw on Heps. Let the 
itej» bo given as in the figure, there being a wall at one end. 
It is required to find, first, the shadow of the wall on the 
Btcjtfj and, second, the shadow of the steps upon II and \\ 
W, iShatlow of wall on xtepis. The edges easting shad owe 
are a — ah\ and an — a\ Asa — a'f/ is perpendicular to the 
top of each step, its shadow upon these surfaces will lie in the 
direction of the projection of light, as the part <tp being 
on the top of the 1st step, and /w on that of the 2 d. 

As a — a'b* is parallel to the front face of each etc]), its 
shadow upon these faces will be parallel to the line itself; 
therefore p r g\ found by projecting up from p y will be its 
shadow upon the front of 2 m The shadow of A is at O on 
the top of 2 . 

The shadow of an— a’ upon the front faces of the steps will 
have the same direction as the projection of light; while the 
shadow upon the upper faces will be parallel to itself; dd 
and eW are the shadows upon the faces of 3 and 4 ; do and 
lu\ found by projecting down from d and e\ are the shadows 
oil tlie tope of the same steps* 

Remark* In finding the shadow of A, there can be no 
question as to which surface it falls 14)011, if we remember 
that both projections of the shadow must lie in the projec¬ 
tions of the same surface. 

2 ff, Shtttlaw of step# on II and V. As tins f robletn pre¬ 
sents no new principles, let the student, naving first deter¬ 
mined what edges cast sliadows, verify the shadow given 
The shadow on II is not complete j the figure. 

Prob. 8 . (PI* XXI, Fig. 10,} Shadow of framing. {Fig. 
S, PL XXIV., shows an isomctrical projection of tlie same 
framing.) It is required to find the shadow of tlie brace 
upon tiie horizontal timbers and also upon //, 

Tlie edges of the brace winch east shadows arc cd — dd ' and 
as — a r d. Assume any point as M on vd — dd r and find its 
shadow, on the upper face of the horizontal timbers ; in 
this case k is on the plane of the top produced; dk is the 
shadow of cd—dd* upon the top of the timbers; a ]>arallel 
line through e is tlie shadow of the other edge. 

To obtain the shadow on fl, produce the ray through the 
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point M until it pierces H in i; draw a line through i paral 
lei to ilk and it will be the shadow of cd—dd* upon 11. A 
line through q parallel to it won Id be the shadow of ae—afe' 
upon II; It does not allow in this ease* There Is anothci 
shadow shown m the figure, the construction of which wil 
be evident* 

Construct thoshudow of the whole framing upon II and V, 

I*rob. 9. (PI* XXI, Iflg* S,) l$hadut& of timber tiding 
'upon tin' top of a mt-ff. It is required to I i ml the shadow ol 
the timber upon tin; wall, and also the shadow of both upon V* 

The edges of the timber which east shadowy whether upon 
the wall or upon V, are ae — a'd t ab—ddj b—b f e\br/~—f/o\ 
oc — o f /i } and e—h!d. The shadow of ae — ft,*?* upon the wall 
commences at n* and dn 1 is its shadow ; df is the shadow of 
alt—ad ^ yV, of b—f/d; the lino through x parallel to dn\ 
is the shadow of bo—b r o f upon Ibis face* The hue bo — b ! d 
also easts a shadow nu ihe top of the wall which will be 
parallel to itself through the point /* 

The construction of the shadow on V, is evident from the p 
figure, 

Prob. 10* (PI* XXJI* Pig, 2.) Shadow of hidinnl timber 
upon triangular jtrixm. The relative position of the pieces ia 
given in the figure, llu; timber makes an angle of with fl, 

and is parallel to V. 

Commencing with ad — a*d f which casts the shadow t/w upon 
U, we tind that this meets the prism at n, which will there¬ 
fore be one point of the shadow upon the nearest inclined 
face of the prism. To obtain another point, find the shallow 
of ad — afd* upon an auxiliary horizontal plane through pq — 
f*/} P*f its vertical trace; c is the shadow of A ujKm this 
plane, and the line eo f pamlLd to d is the shadow of ml — -a f d f 
upon the same plane; tills meets pq in the point tu which is 
therefore another point of the shadow of ad—ad* upon the 
face of the prism ; join o with and we have die required 
Blind ow. 

The shadow of the diagonally ophite edge f—c\f can 
be found in the same way, or by drawing fn parallel to ds 
and w .3 parallel to ro. I’art of the shadow of the limber falla 
on II beyond the prism; ah—a' and be — a f d arc the only 
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remaining edges of tlies timber which east shadows, Thera 
will be no diflieulty in liudiug these as well as die shadow 
of the prism, 

J } Tt/h t 11, (1*1. .XXII. Fig, 4-) Pojiml ih& aufj!c it'hwh- it 

rat/ tif ihjkt makes with either plone of project um. l^r oh^ 
a f b r be the projections of a ray of light Now if we consider 
the vertical projecting plane of die rav to lie revolved into V, 
the ruv would take the poshiou a'1/; the distance ti'a" heii g 
equal to m, tiie distance of llie point A in front of V ; lhe 
angle ahOf 1 is the angle which (In: ray All makes with V t 
and is equal to d5 ' lb, As both projections<d the my make 
the satue angle with the gri and line, the m\ must make the 
Bailie angle with II that it does with V. 

P?oh* 11L {PL XXHi Fig, o.) Shadow an interna* ■ _/ 
holla ta Atmisphefe. The shadow' is east hv the semicircle A/*, 
and it. will he obtained hv finding where rays through diiftr- 
ent points of this semicircle pierce the interior. Suppose 
the hemisphere projected upon a plane j‘// ? which is parallel 
to the direction of light and perpendicular to V. To til id a 
point of the shadow, intersect the hemisphere by a vertical 
plane of rays, nv / this cuts the semicircle tw^ifv from the 
hemisphere. Since the plane tfy i* parallel lo the direction 
of light and perpendicular to V, ra\s of light, will he jme 
jected upon it making the same angle with ,*?;/ that rays of 
light make with V; that is, at an angle of o.1 a HJL Draw' a 
my through a! at such im angle, and proje 1 r\ its Intersection 
with cfW, tory this will he one point, of the shadow on 
the interior. 

Other points may he found in the same way ; ihe point o 
is found by using the plane hm. The shadow commences at 
the points £ and where tlie projection of a my would he 
tangent to tlie circle ti&vt. 

ilemark. The rays ae t f/a\ are parallel to f/7/ in 

rig. y 

.Li of shade. Tins is die line that separates the light 
from the dark part of the surface. It ii tlie line also that 
casts the shadow, This line can often be determined by mere 
inspection, as in the preceding problems, but in some cases 
special methods must be resorted to in order lo determine it 



143 


rncwmAL DUWIKO 


The method of finding the line of shade upon a vertical 
cylinder has been given in Prob* 4 , the element? t —*V and 
i —<V being the lines of shade. 

Proh 13 . {PI. XXI, Fig. 7 .) To find the line of shade 
upon a cone. If a plane of rays be passed tangent to a cone, 
the element along which it is tangent, will be the line of 
shade. As every plane tangent to a cone must contain the 
vertex, a tangent plane of rays must contain the ray through 
the vertex, and tlic shadow of the vertex will be a point of 
its trace; through e s the shadow of the vertex, draw the line 
tangent to the base of the cone ; tins is the trace of the 
tangent plane, and re — r'd is the element of contact with 
the cone; cd is the trace of another plane tangent on the 
other side of the com. 1 ; de—d V is its element <>f contact. 
The lines ft and ft/arc the shadows of re — ar\ and deed'd, 
and the space included between ihem is the shadow of the 
cone. 

Proh, 14 . (Ph XXII Fig. 5 .) Tv find the line of shade 
uptm a sphere* Only the vertical projection of the sphere is 
used, and the vertical plane is supposed to pass through the 
centre of the spheic. The line of shade js the circle of con¬ 
tact of a tangent, cylinder of rays. 

To find points of this curve, assume planes of rays, perpen¬ 
dicular to V t whose traces are dw , Ac.; each of these 

planes will intersect the sphere in a circle, and the point at 
which a ray is tangent to this circle will he one point of the 
curve of shade. The plane 3 v intersects the sphere in a cir- 
ele projected in zv / revolve this circle about zv until it coin* 
cides with Y; it will then have the position m f z. To get 
the point at which a ray will be tangent to this circle, it is 
necessary to find the position of a ray when revolved in a 
similar manner to the circle. According to Prob. 11 , the re¬ 
volved position of a ray would make an angle of 35 0 l(Twith 
dw. Now, if a line be drawn at this angle and tangent to 
the circle w> ; 2, it will give o ' as the point of tangency ; when 
the circle is revolved back to its original position, o r is pro 
jeeted at 0, and is one point of the curve of shade. 

Other points of the curve of shade can be determined in 
the same way. The curve commences at the points a and ft. 
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where planes of rays, parallel to dw , would be tangent to the 
sphere. 

To find the point of the sphere which appears the bright- 
estj revolve the circle dw into the position dhw ; fc is the re¬ 
volved position of a ray passing through the centre; bisect 
the augleyhS at when the circle ia involved bach falls 
at m, the lightest point 
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CHAPTER IX, 

SHADING. 

1. I Ian ng given previously the methods for laying flat 
and graduated tmts } let us see how, by their use, we may 
bring out the true form of an ohjeet. The following rulei 
should be carefully td,tidied and followed : 

1. Mat tints should be given to plane mrfaccsy when in 
the light, antljm'tifM to the verticalpdanc ; those, 
nearest the eye being Ugh tent. 

II. Mat tints should he given to gdane surfaces, when in 
the shatk, and parallel to the vertical plane ; tfwsc 
nearest the eye being darkest. 

III. Grmiuated tints should be given in plane surfaces, 

when in the light and inclined to i fJta vertical plane / 
increasing the shade as the surftnrs nwln from 
the eye; when two such surfaces incline unequally 
the one on which the light f\dh must directly should 
be lightest. 

IV. Graduated tint# should be given to plane surfaces, 

when in the shade, awl inclined to the vertical 
plane; decreasing the shade as the surfacts recede 
front the eye. 

2. Applying these rules to the Minding of an hexagonal 
prism (PL I**. Fig* 11), we find by i P> that, the front face 
should have a flat tint * by 111., that the left-hand face should 
have a graduated Lint, darkest, at Ihe left-hand edge ; by IV., 
the righl band face has also a graduated tint, darkest at the 
left-hand edge. 

As the lei 1-hand faec receives the light more direrUv than 
the front iaee, Ihe Nearest part of it should he lighter than the 
front of the priori). 'Hie darkest, part id" the left-hand face 
should have ahuiit the same Mutde as the lightest part of the 
right-1 an d face. 
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3. The preceding rules also apply to the shading of curved 
bur faces, aw the cylinder (PL 1**, Fig, 12), Thu element of 
shade a r — h* separates the light from the dark parr of the 
cylinder. 

The surface a — n by IV, should be darkest ar a and grow 
lighter as it approaches n. 

The part a—p of the illuminated surface, by TIL should 
grow lighter as it approaches/>/ the part hy TTI, should 
l>e darkest at m and lightest at lmt by the second part <d 
III. that part of the surface wlueh receives the light most 
directly should be the lightest, which would make c the 
brightest point; if then we take a poinL, c, half way between c 
and 2 >, it w HI give, approximately, the point which will appear 
the brightest. 

The surface *>— e is brighter than t j —p as it. receives the 
light more directly ; it is also lighter than a corresponding 
space to the left of L\as it is nearer the eve; so that it is ihe 
lightest part of the cylinder. 

4. Upon Figs. 13 and 14, PL I - ”'*, are shown in dotted 
lines the positions of the darkest ami lightest parU of the cone 
ami sphere, The method of liuding the lines of shade upon 
each lias been given in the chapter on shadows. As it is not 
necessary in practice In locate these lines exactly, the me 
being a sufficient guide, Jt will lie well to notice that the dark 
line va of the cone is a Utile nearer the right-hand edge thiin 
the dark line of the cylinder ' while the Mgi esi purl* bclwern 
7 v- and v'/p, has the saint 1 position is i hat of the cylinder, and 
is determined in the same wav, 

t )n ihe sphere, lhf i point it of the line of shade *ttp^ is a Til] Ic 
nearer " than tlie centre of the sphere; the line of shade U 
Symmetrical respecting the line Ihe direction of ligliL 
The lightest point vt is a little nearer Ihe centre than if. is to 
b ; it is also on the line Aw, 

In shading these solids, conmicnee at the dark line and 
shade both wa\s t using lighter tints fur tin- lighter shad*"*. 
The dark line of the sphere should he widest at n -^d taper 
both wap to p and a ; on the cotie it ta^mfi from the base fa 
the w-rtev 
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CHAPTER X, 

ISOMETRIC AL DRAWING. 

If we take a cube situated as in Fig. 6, PI. XXII., and tip 
it up to the left about the point a 7 e\ until it takes the position 
shown in Fig. 7, the diagonal ah' being horizontal, and thou 
turn tlie cube horizontally, without changing its position with 
respect to II, until it takes the position shown in Fig. S, we 
shall have in the vertical projection of Fig. 8, what is called 
an isomctrioal projection. 

In the case of llie on he it is the projection made upon a 
plane perpendicular 1o a dcignim! of the cube. 

The relative position of the eye, the cube, and the vertical 
plane is shown in Fig. 7, whore 7, upon a r h* produced, repre¬ 
sents the eye (at an infinite distance); /;/ Is the jHiniiou of 
the vertical plane; the cube is placed, as shown by the pro¬ 
jections, so that the diagonal ah — ah* is parallel to 11 and 
perpendicular to xtj or Y. 

Looking at this isoinctrical projection of the cube we see 
that the three visible faces of the onhe appear equal, and that 
all the sides of these faces are equal; tins shows that these 
faces are similarly situated respecting Y, and that their sides, 
or the edges of the cube, are equally inclined to V. It will 
also be noticed that the ieometrical projection of the cube 
can be inscribed in a circle, as the outer edges form a regular 
hexagon. 

The three angles formed by the edges meeting at the cen¬ 
tre are equal, each being 120°, 

The point a* is called the isometric centre/ the tki'cc line# 
passing through the centre being called isometric axes. 

Any line parallel to one of these axes is called an ieometnc 
line) while any line not parallel is called a nott-isitmetric Hue. 
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The plana of any two of tlie axes, or any parallel plane, ia 
called an isometric plane, 

TUc two axes a*V and a'd' (Fig. 8, PL XXII.) and all par¬ 
allel lines make angles of 30° with a horizontal line. 

It has been Been that the iso metrical projection of a cube 
can be inscribed in a circle; tins renders it easy to construct 
an ieomelrical drawing of a cube, by inscribing a regular 
hexagon in a circle, whose r: id ins h equal to an edge of the 
cube, and then drawing radii to the alternate angles. While 
this would give an isometrieal projection of a cube, it would 
not be the true projection of the cube whose edge was taken 
as a radius, because the edges of ti c cube are inclined to the 
plane of projection, consequently their projections cannot lie 
equal to the edges them selves, hut would he less. 

Let us see how the true isonietrical projection of a cube 
may he obtained without making it necessary to construct the 
different projections shown in Figs* b, 7, 8 , PL XX1L 

The only lines of the culie that are projected in their true 
size are the diagonals d*b\ d*e\ JV (Fig* 8, PL XXII,), of the 
three visible faces. It is evident tied the diagonal db — d f 7/ 
(Fig. 8) is parallel to F; by looking at Fig* 7, where the rela* 
tive position of the eye, the plane of projection, and the cube 
is shown, it will also he evident that 7/e 1 (corresponding to 
JV, Fig. 3) is parallel to the plane zy (V). 

If now we draw a line ah (Fig* tt, PL XXII.\ making an 
angle of 45° with db at the point A, and no s' its interseetion 
ii with the vertical through c, ah will be the side of a square 
whose diagonal is dh. and would die, of ore be the true length 
of the edge of a cube, the diagonal oi any face of which is 
equal to dhf but ch is the isometrical projection of this edge, 
so that we have the means of comparing the two and forming 
a scale* 

Divide ah into any number of equal parts and project the 
points of division upon ch, by lines parallel to ac, and it will 
give the biometrical projection of these distances* To con¬ 
struct then an isometric scale draw a horizontal line he (Fig. 
10, PL XXIL ); draw ha at an angle of 15° with it; divide 
ha into any number of equal ]>arts and project the points of 
division upon he by lines making an angle of 45° with ha 
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[these projecting lines make an angle of 60° with be]. The 
distances on be will be the isometric length of the correspond¬ 
ing distances on ba. 

This acale is only good for isometric lines. 

The diagonals db } dm, bm (Fig. 9} are projected in theii 
true lengths; this would also be true of all lines parallel to 
them. 

As <A is the projection of a line equal to*W t a scale may be 
constructed by projecting any distances, 1, % 3, etc-, from db 
to ch; this scale will be good for all lines parallel to eh, ho, 
or hn. 

Although it is well to understand the construction of these 
■calefi, they are seldom used in practice, as it is mure conve¬ 
nient to use a common scale, if necessary, making the ihumc- 
trie lines equal to their true length. This method, as already 
shown, would make the drawing larger than the true prujoe 
tarn of Ihe object, but, there is no objection to this. When 
made in this way iL is called an immetrical drawing, to dis¬ 
tinguish from the isomrtricat projection, 

Tim advantage of Jsomctrieal drawing is that it offers a 
simple means of showing in one drawing several faces ut an 
object, thus obviating the necessity of a plan and one or more 
elevations. It is particularly adapted to the represent at inr 
of small objects, in which the principal lines are at right 
angles to each other. 

Direct ion. of Light. In iso metrical projection the light is 
supposed to have the same direction as the line be (Fig- lb, 
PI. XX11L), the diagonal of the culm, that is, it makes an 
angle of 3h° with a horizontal line. 

Lines of shade* According to a previous definition these 
are the lines which separate the light from the dark part. In 
the isometrieal projection of the cube (Fig. 16 t PI. XXIII.) 
the two right-hand faces (front and back) and the lx>ttom arc 
in the dark, while the two left-hand faces (froat and back) and 
the top are in the light; consequently the heavy linos shown 
in the figure are the visible lines of shade. 

Proh . 1. (Fig. 1, Pl, XXIIL) To construct ike ixometH- 
cal drawing of a cube, with a Hock upon one face and a 
recess in aiwther. Let the edges of the cube be 4" : the block 
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8 r square and 1} ' thick ; the recess 2" square and 1" deop; 
both the block and the recess to be in the centre of the face. 
The drawing of the cube might be made, as previously de* 
scribed, by using a circle with a radius of 4", but a more 
convenient way is to draw the isometric axes* ca 5 cb f and cdj 
making each equal to 4", then isometric lines through the 
extremities will complete the cube. 

After completing the cube, divide the axes into four equal 
parts. To locate the block, draw isometric lines through 1 
and 3, upon cb and cf their intersections will give the base of 
the block; through the points of intersection draw isometric 
lines parallel U> ok make them 1£" in length, and connect 
their extremities, The receris is similarly heated, the depth 
of 1" can be obtained by projecting From 3 on cither ca or ab. 
Make the iso met. rival drawing of a colic with a square hole 
in each lace, running ilmxigh the cube, 

I'rob. 3. (Fig. 2, FI. XX11L) 7b count met the isometry 
cal drawing of theca piece# of timber hotted together. Draw 
the axes rb^cdj make rA equal to fl"; il"; eo 3"; on 
4"; do equals re; the vertical timber is 5"x3"; the side 
timbers am each let into the vertical timber the same distance* 
The method of constructing the nut arid washer is given in 
Proh, 11. 

Make a drawing with the front tide timber removed. 

Proh* 3. (Fig* 3, PL XX1IU To construct the ixotnrt- 

ri&d drawing if a portion of framing. The necessary 
dimensions of the parts am given in Fig. 10, PI. XXI, The 
edges of the brace being non-isometric lines, it is necessary to 
locate the extremities, which arc in isometric planes, and 
then join; tf/aud ra are each equal Jo 3;i"; the oilier edges 
are parallel to *ul; de is equal to d*c r (Fig, ML P* XXL). 

Prob. 4, (Figs. 4, ft, PI, XXIIL) To make the wometri* 
cal drawing of a circle. In FEg. 4 is shown a circle with an 
inBtirilJcd and circumscribed square, if we make an isomo 
tricftl drawing of these squares in their relative positions, we 
shall have at cnee eight points through which the isometric 
circle must pass; these are the points common to the circle 
and squares; this is shown in Fig, ft, the two figures being 
lettered the same. To locate any point, as v (Fig. 4), draw 
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vm perpendicular to ad; make am and mv [Fig. 5) equal 
to the same distances on Fig, 4. in this way any point of the 
circle, or any point within the square, can be located- This 
method gives an exact drawing of the circle, the curve bub g 
an cilice. 

Prob. G. (Fig. 0, PI. XXIII,) To make an approximate 
construction of the isometrical drawing of a circle. Con- 
itruet the isometric square abed; let d tic the centre and da 
the radius of the arc tu ; b is the cent re of the arc the 
radius being the same as before; s and o are the centres of 
the arcs np and qx ; the pints j), arc the centres of 

the sides. 

The curve, as thus constructed, approximates near enough 
to the true curve to answer most purposes. 

Make ail i&ometrical drawing of a cube with a circle in* 
scribed in each face. 

Prok G* (Fig. 7, PI. XXUl,) To divide ike imawtn&d 
drawing of a circle into cq ual parts. 

1 ^ method. At n , the centre of ak elect the perpendicular 
nc\ and make it equal to nu ; from c ;»s a centre <1 escribe I lie 
arc mp and divide it into any number of equal parts; draw 
lines through these points from c f and produce them until 
they meet ah; join the points on ah with e, and the lines 
drawn will divide the isometric arc into the same number of 
parts that mp contains. 

c 2d method. Describe the semicircle rfSl upon dh a dia¬ 
meter ; this is the semi circle of which <lch i« the iso metrical 
drawing and is in the position deft would take when revolved 
about as an axis, until parallel to V, Divide deh into 
equal porta and project to deft by vertical lines; these will 
divide the isometric curve into a corresponding number of 
parts* 

Prob. 7, (Fig* 8, Pl. XXIII.) To make f/*e iso met rival 
drawing of a cube t cylinder , and sqdiere. Supine the sphere 
to rest upon the top of the cylinder, and the cylinder upon 
the cube. 

The diameter of the sphere and cylinder is equal to an 
edge of the cube; the height of the cylinder is equal to iti 
diameter. 
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First construct a cube and then inscribe a circle in tke top 
face; this is the lower base of die cylinder; to obtain the 
upper base, construct a second cube re&ting upon llio first, and 
of the same size; this is shown in the figure by dotted lines. 
Inscribe a circle hi the top of this second cube and it will be 
the upper base of the cylinder; ab and c*l tangent to each of 
these curves are the extmne elements of the cylinder* The 
sphere rests upon the centre (if the upper base; erect a per¬ 
pendicular at e, and make it equal to half the edge of the 
cube ; from 4 as a centre, with a radius equal to de, describe 
the E] ill ere, 

Prvb . 5, (Figs. 0, 10, 11, Ph XXIII.) Immelrkal draw¬ 
ing of hntidcrU supporting a *hrf/\ No. 1 of 1 lie brackets 1ms 
all of its edges righl lines, while Xo. ^is made tip partly of arcs 
of circles, whose centres are at 4 and m (Fig. 11), Figs. 10 
and 11 give side elevations of thu two brackets, with dimen¬ 
sions. 

The shelf is 2S'' wide and £T' thick ; make the projection 
* bo as to show the under side. 

There will be no difficulty in making the drawing of No. 1. 

To construct No. 2, after drawing be, or, dtp ew f 
locate 4, this is the centre of the i^o metric squares which 
contain the curves e/t and on/ therefore, draw the isometric 
line hs and make it equal \oho or he / # is the cent its of Lho 
curve eii/ st is equal to the thickness of Lie bracket, and t ia 
the centre of the curve through w. Make hi equal to hn and 
t is the centre of the curve tm f p ■- the centre of the curve 
bn t and fz the centre of git and also oi the curve through 

PtoK 9. (Fig. 12, FI XXIII.) The ImutHrkai drarwtng 
of a nut arid washer. The washer is 3}/ 1 in diameter and £ ff 
thick; the nut 2 ,f square and 1" thick; the bolt 1" in 
diameter. 

To construct the washer, make two isometric squarea, oi, 
cd , i h apart and 3J-" on a side; Inscribe in each of these a 
circle and connect by isometric lines at e and 4, tangent to 
sach circle. 

Find the centre of the washer and construct the square for 
ti e base of the nut. 

After completing the nut, const! uct in the centre of Ita 
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face an isometric square 1" on aside; inscribe in this a circle^ 
which will represent the curve of intersection of the boh with 
the nut In the figure the bolt is supposed to project V' from 
Urn uut; the rest of the construction will be apparent from 
the figure. 

In Tig, 12, the uut Is placed so that its edges are *&ometric 
lines; to make a drawing when the nut is turned so that its 
edges would not ho Isometric lines, make a plan or the nut 
and washer as in Fig. 13, PL XXIIL, and draw through the 
comers of the nut a square, abed, with its sides parallel t<: 
the sides of the square which circumscribes the washer. Af¬ 
ter constructing the washer as before, make in the centre ol 
the washer an Uometrical drawing of the square, af*cd y and 
locate on it the points ehvn; the method of completing will 
be the same as before. 

Make a drawing when the nut is oblique. 

Prob. 10. (Figs. 14 and 15, PL XXIIL) The uo metrical 
drawing of letters. In these letters the position of the iso¬ 
metric axes is changed, one being placed in a horizontal 
position. The construction of these lettcre is apparent from 
the figures; in the letter S t the curvea not being isometric 
circles, will have to be sketched in or drawn with an irregular 
curve. 

Try other letters of the alphabet, as d , w* o. 

Shadows. In isomeirical drawing the shwhm of a point 
on any plane surface is at the intersection of the ray through 
the pointy and the projection of the ray on the surface. 

We have seen that in isometrical projection rays of light 
make an angle of 30° with a horizontal line. 

Turning to Fig, 16, PL XXIII., let be, the diagonal of the 
cube,represent a ray of light; hd is the projection of thia 
ray on the top of the eul>e, and bm the projection on the face 
bums. Thus we see that the position of the projection of a 
ray of light upon a horizontal plane, as hnds, is horizontal, 
while the projection of a ray of light upon a vertical plane, 
as bows, makes an angle of 60* with a horizontal line. 

Suppose the edge bo produced to a and It is required to 
find the shadow of a; draw the ray ag at 3C°; through ^ 
the projection of a uj_H>n the plane of the top, draw the hrri» 
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aontftl line bg ; this is the projection of the ray, and the 
intersection of this with ag is the shadow of a upon tho top 
of the cube. 

Produce the edge bn to c; the shadow of c is at A, the in¬ 
tersection of the ray ch with AA, its projection upon the vertical 
face. 

Prob* 11. {Fig* 16, PL XXIII*) Th? isomeiridd drawing 
of a cube with its shadow on tit* horizontal jriane. The 
shadow of s is at #/ tn% is the shadow of sin * w is tho shadow 
of <4 and tw the shadow of sd ; *m is the shadow of nd } and 
tw the shadow of the back edge. 

Proh 12. {Fig. 2, 1*1. XXIV.) The hwioetriml drawing 
of an hexagonal prism with the shadow. The prism is rep 
resented standing on II at a distance xg from V. The edges 
which cast shadows are ia t ah, ht\ <v/ T dr. Since ia is per[>eri- 
dicular to II, its shadow upon that plane will ha vis the same 
direction as the projection of light upon II ; the shadow of ia 
falls partly on V, as at oh, which is parallel to at / A, t Lie 
‘shadow of a, is at the interse .'tion of the ray through a t 
and the vertical through o. In ihe same way /, m, n, tho 
fchudows of I, c, dj are found 

In finding the shadow of the prism upon V. the vertical 
projection of the rays of light have not been used, aa they 
were not necessary, 

Ptvb. 13. (Fig. 3, FI. XXIV".) The ixotnetrical drawing 
of a leant ? projecting from a verticid wall, with the shadow. 

The construct ion of the drawing evident from the figure. 
The edges which cast shadows are a;, ah, hd^ an. Only the 
projections of the rays a re used to Hud the shadow. To find 
the shadow of a, draw through c, the vertical projection of a* 
the line ct at an angle of b0°; through A, the horizontal pro 
jeetion of a, draw the horizontal line hi ; these two lines cs 
end hi are the projections of the ray through a, and they 
determine e, the shadow of a. The accuracy of this construc¬ 
tion can he tested by drawing a ray through a. In the same 
way the points i and h are found. 

Prob. li. (Fig. 5, PL XX1T.) The iso met Heal drawing 
of a four-armed cross, with the shado ws. It is required tc 
find the shadow of the cross on H, and also upon itself: a—1 
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is the shadow of at; 1—2 the (shadow of gf; 2—3 of fh ; 
3—4-of lif 4—5 of l/ti; 5—Oof he; 0—7 of cn y 7—3 tf 
cy; tlie rest of the shadow is cast by edges upon the back, 
ttliich arc not seen. 

The shadows upon the cross ai-e n the shadow of sh ; m 
of ha f he of hg * hq of hi* 

Keeping the same thickness of the cross make the anna 
longer, ami then find the shadows. 

Proh. 15. (Fig. 1, Th XXIV,) The ittomeh'iwd d turning 
of a vertical cylinder jmssittg through u-n he jetty .null blocks 
with the ahad-oios. A plan of the cylinder and block is hiiown 
in Fig. 4; the diameter of the cylinder is 
the block, as ba y is T 7 ff " in length ; the block is *J" thick. 
First make an ism net rival drawing of this plan ; tills is diown 
in Fig. l,witli the points numbered and lettered the same. 
At any assumed distance above the plan construct a similar 
figure; this gives the (op of the block, which can readily he 
completed. The method <d‘ completing the cylinder will be 
evident from what has preceded, 

JShttdtn&t, Find fust the shadow which the block casta 
upon the cylinder. Assume any vertical plane of rays as the 
one whose horizontal trace is rx / this cats (lie point v f 
from the lower edge of the block, and the element xxd from 
the cylinder; the rav through v 1 inleisects the element al. x* 
one point of the required shadow. In the same way other 
points,can he found ; kg is the element ot shade found by 
passing (lie plane of rays wy tangent to the cylinder, Al * 
the shadow passes to the hack part of the cylinder. 

The method of finding the shadow win eh the cylinder casts 
upon the block will he evident from the figure* with what haa 
just been sliown^ 

Show how the shadows given on Fig 3, Ph XX1IL, are 
found. 

Determine whether the brace would cast a shadow on the 
top of the horizontal timber or not. 

Find the shadow of the framing upon H. 
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CHAPTER XL 

oblique i’Jcujhctjon* 

This method of projection is similar to i an metrical projec¬ 
tion in allowing three faces of the object, but unlike isometri- 
eal it gives the exact form of one of these. It is called 
oblique, because llic projecting lines are oblique to V instead 
of being perpendicular, iis they have been prut hmsly* 

It is sometimes called Parallel Perspective ; it does not how¬ 
ever give a true perspective of the object, hut offers a substi¬ 
tute, simple in construction, and one as well adapted for rep¬ 
resenting small objects. 

An oldirpie projection of a cube Is given in Fig, 11, PL 
XXIV,; the face abtid has its true fmm, while the other two 
faces are shown equally, but not in their true shape* The 
edges cc, JA, ai, make an angle of 45° with a horizontal line, 
and are equal to the other edges of the cube* 

Since the face uftai is projected in its true form, it must 
be parallel to Y; if then we suppose the cube placed with 
one face parallel to Y, It is evident that this projection (Fig 
11) could not he obtained, when the projecting lines are per* 
peudicular to V ; the square, clIk 1 , would be the projection in 
that case. In order then to obtain ibis projection, the pro¬ 
jecting lines cannot he perpendicular to Y, hut must l* 
oblique. 

Now when a line Is perpendicular to a plane, in order that 
the projection of the line, upon that plane, should ho equal to 
the line itself, the projecting linos must make an angle of 45° 
with the plane* In the case of a lino parallel to a plane, its 
projection would be equal to the line, whatever the direction 
of the projeeling lines, provided they were parallel* 

Thus we see that if the projecting lines make an angle of 
45 ° with V, we shall obtain, in the case of the cube, the pro¬ 
jection shown in Fig. 11. 
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CHAPTER XIL 

LINEAR raiSIWHYE. 

linear perfective is the representation of tlio ferm of an 
object upon any plane surface, just as it appeal's to the eye 
when viewing it from any given point. To nee a common il¬ 
lustration ; if we should dose one eye, ami, hooping the other 
at a lixud distance from the window, should trace upon tlie 
glass the outlines of what could he seen through it, we should 
have a ti ne perspective of the objects seen, 

Supposing then, the perspective plane to he transparent, 
and always placed between the eye and the object, wc see that 
tfw penywefit'e of a point is wAcrg a visual va*j (a line 
drawn from the point to the rye) piertrx ffte j^r-sp'di** pin 
To illustrate, let A (Fig, 1, PI. XXV,) he a punt in space, 
behind the vertical plane which is used as the perspective 
plane; 6* is the position of the eve, or point of sight; the 
Lho visual ray OA pierce* V at a \ winch U the perspective 
of A. 

It is impossible in practice to draw the visual ray Itself, as 
in Fig, 1; the point of sight and the point in space are given 
by their projections only, so that it is necessary to use the 
projections of the visual rav to find the perspective. To do 
this, join the horizontal projection of the punt of sight, with 
the horizontal projection of the | joint, join also the vertical 
projections; the two lines thus drawn are the projections of 
the visual ra} T , and the point in which it pierces V is ihe re¬ 
quired perspective. In Figs. 1 and 2, PI. XXV., the visual 
ray ca —cV pierces Y at a /f . Fig. 2 lias the same letters and 
measurements as Fig. 1, and represents the same thing, with 
the customary position of the planes of project ion. 

It will be noticed in Fig, 2, that both projections of the 
point A are alcove the ground line ; as tine has not happened 
before, a word or two in explanation. Lmking at Fig. 1 we 
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roe that the two mtersecthig planes of pi ejection foi ii four 
dihedral angles ; the one above II and in front of T, is 
called the 1st; the 2d is behind V and above II; the 3d is 
below the 2d, and the 4th below the IsL The point of night 
is in the first angle, Kow, all the objects that we have pre 
viously considered have been placed in the limt angle, and, as 
we have seen, the horizontal projections are always below the 
ground line, and the vertical above ; but if an object is 
placed in the second angle (as it is iu perspective) when the 
vertical plane is revolved back, both projections will appear 
above the ground line, na in Fig. 1, where a' revolves to a " 
Tim same rules that we have hud for determining the post 
tion of a point in space from its projections, hold good when 
both projections are above the ground line ; the distance ah 
(Figs, 1 mid 2) is the distance of A from V", and the distance 
a'h is the distance of A from H. 

Proh, 1, (Figs, 3, 4, a, i 1 !. XXV.) 2b find the perspe- 
tiue of vujkt line# in different positions by means of visual 
* rays. 

1st, when jwt'jwnditiutar to II: let a — ab 1 (Fig. 3) be a 
line perjmndieuhir to II, and at llie distance ah* behind V ; 
ce' is the [joint of sight Draw the ray ao — a f <if this pierces 
V at e t the pcrsjmctivc of the point an*; f is the perspective 
of the point af/f fe is the perspective of the line a — n*hf 
in the same way is found 1% the perspective of the line 
d — a r b\ which is parallel to a—a f h\ 

2d, when parallel to II nod V: let ah — ah' (Fig. 4) lie 
the given line, situated In II and ai die distance W behind 
Y ; the perspective of the jioiut. an* is at e ; f is the perspcc* 
tivc of the ] joint hh% whence f\& the perspective of ab — a*b r f 
hg ie the persjicaive of the line dtnr—a*b\ which is parallel 
to ab — a f b\ 

3d ? wkenj^pendkrular to Y: ah—V (Fig. 5) is the given 
line, situated in H, and at the distance hb* from V; cf is ita 
perspective; in — n f is a line parallel to ab —J'y hh is its per¬ 
spective. 

Prvb* 2. (Fig, 7, PI. XXY.) To find the perspective oj 
a cube when placed with a face paraUd to V. Let alid s and 
m r d r f d be the projections of the cube, and cd the point of 
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sight Find first the perspective of tlio point df } by drawing 
the ray cd — c r f; this gives o as the perspective ; the ray 
ca — cV ghcs r f the perspective of the point ad; i is the per¬ 
spective of (w'jaud a of dd'; in the same way are found 
the points g t v y z. 

Proh. 3* (Fig. Gj PI. XXV.) Tv find the perspective of 
a cube when placed with its face# oblique tv V. Let abid 9 
and uH’Nd he the projections of the cube; & is the perspec¬ 
tive of the point dd f ; o of the point df ; r of ad; i of aa\ 
etc. 

By an examination of Figa. 3, 4, G, 7, PI. XXV,, it will be 
seen that the perspective of any right line is parallel to that 
line when the line is parallel to the perfectiveplane. 

It will also be noticed that the edges op, Mp tr\ ifcc. (Figs. 
6 and 7), when produced, meet at a point ; thi* i* railed the 
vanishing paint of these lines, and since the 1'mcs op, sg, tv, 
etc., arc the perspectives of parallel lines, we have the prin¬ 
ciple that the perspectives of all jta rail el lines have. a ami- 
mon vanishing point. 

To find then the vanishing point of any itn ,, draw a line 
through lhe point of sight jsirallel to the given Hue, and 
where it pierce# the perspective plane trill In the vanishing 
point offhw Unhand allparalUl lines. In Fig, fv h w — dw f 
h parallel to di—d'V; it pierces Y at w\ which is the vanish¬ 
ing point of d !— d f i\ and the edges parallel to 3l. Tlie van¬ 
ishing pohil of rt\ ts , eg, etc., could he found in the same way. 

The vanishing point of paral'cl line*, parallel to the per¬ 
spective plum 1 , is situated at an infinite distance ; hence the 
perspectives will he parallel. 

To Figs. G and 7, FI, XXV,, the lines which are perpen¬ 
dicular to V vanish at e ; whence the principle that all lines 
perpendicular to the perspective plane vanish in the vertical 
projection of the jxmtt of right ; tide is called the centre of 
the picture. 

The horizontal line through the centre of the picture is 
called the horizon. 

The vanishing points of all horizontal lines are situated 
somewhere on the horizon. 
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The point iu winch a line pierces a plane is called its 
trace; the trace of a line on the perspective plane is one 
point of its perspective; the vanishing point of the line is 
another point of its perspective ; whence, tits perspective of a 
right line joins its vanishing point with its trace. 

It Is customary to use the vertical plane as the perspective 
plane, the object being placed in the second angle ; tins brings 
the two projections of the object and the perspective Ur 
gether, as iu Fig. 6, PI. XXV., which is objectionable. Dif¬ 
ferent methods may be used to present this, but the most 
convenient is by supposing the horizontal plane revolved 
ISO*, so as to bring ihe plan of the object iu front of V, 
and then instead of using visual ravs, to make use of aux¬ 
iliary lines called perpendiculars and diagonals^ by which 
method tlie vertical projection of the object is not necessary. 

It is evident that if two lines infer*?*# at a point in spaa , 
their perspectives will intersect in the perspective of the 
point; so that if we pass any two Li net* through a point and 
iind their perspectives, their intersection will lie the perspec¬ 
tive of the point. 

The two'lines most convenient to use are a perpendicular 
and a diagonal. 

K perpendicular is a line perpendicular to the perspective 
plane, and vanishes, as we have seen, in the centre of the picture. 

A diagonal is a horizontal line, making an angle of 45* 
with the perspective plane. 

A diagonal being a horizontal line its vanishing point is 
on the horizon, and since it mnhcfi -.it angle of 45° with Y, 
the distance of the vanishing point from the centre of the 
picture iseipual to the distance of the point of sight in front 
of F. This is shown in Fig. % FI. XXYL, cd being the point 
of sight, and cd the horizon; to find the vanishing point of 
diagonals draw through cd the line M— dd, parallel to II, 
and making an angle of 45° with Y; it pierces Y at d s the 
vanishing point of all diagonals parallel to eh — dd. It is 
evident tliat dd—wh—cfw. As diagonals may be drawn 
either to the right or left, there are two vanishing points of 
diagonals, as at //and rf, (Fig. 2). 

Prvl. 4, (Fig. S, Ph XXY.) To construct the perspective 
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of a regular hexagon^ by meatis of diagonals and perpen* 
diculam. The hexagon is situated in II, at the distance nn f 
behind Y. The horizontal plane lias been revolved lhO* J , bo 
that the plan of the hexagon comes in front of V, while the 
horizontal projection of the point of sight at the same lime 
revolves to e, behind V; c' is the centre of the picture,*/ and 
di the vanishing points of diagonals, found by making cd and 
c r d v equal to vw. 

To find the perspective of the point e } draw through it the 
perpendicular e'c f is its perspective; also draw through t 
the diagonal ez t ed^ is its perspective ; the point o in which 
these intersect is the perspective of e; g* and r are the traces 
of the perpendicular and diagonal through g / g*a f and rd t are 
their perspectives, and l is the perspective of g / j) is the per 
speetive off; s of b ; h of a ; and m of n. 

Remark. Xu Tig, 8 diagonals are drawn in both directions, 
and it is seen that cither diagonal with the perpendicular 
gives the perspective, or that two diagonals without the per¬ 
pendicular am sufficient. 

Those diagonals which in plan are drawn to the right, van¬ 
ish to the left of the centre of the picture, while those drawn 
to the left in plan, vanish to the right of the centre ; this cornea 
from having revolved the plan 180°, 

Prob. 5. (Fig. 11, Ph XX V) To eonetrtict the perspect ive 
of a pavement matte up of xg wires. Let abef represent the 
plan of the pavement, iho squares being set wilh their aides 
diagonally to V ; d is the centre of the picture,'/ uiidf/, the 
vanishing punts of diagonals. 

As the sides of the squares are diagonal lines, their juuvpoc- 
tivea will join their traces and the vanishing points of diago¬ 
nals; produce mn to o , od^ is the perspective of mo ; ad is 
the perspective of ae ; tlie perspectives of the other edges arc 
similarly found, and their intersections will give Ihe perspec¬ 
tives of the squares ; af and be t being perpendiculars, vanish 
at c\ 

Prob. 6. (Tig. 1, PI. XXVI.) To fnd the perspective of a 
cube. Let abi/t ? a f h f fs* be the projections of tlie cube, which 
is placed with its face parallel to Y, and at the distance ae f 
behind V. 
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The lines ec* and f f d are the indefinite perspectives of the 
lower edges of the cube, which are horizontally projected in 
til and hi j draw the diagonals <jd u nd^ m^and we shall ob¬ 
tain the points r s o y p, 2 ; at these points ereet perpundicitlaia 
and limit them by the lines a'd and AV. 

Ilemtirk. In this figure the vertical projection of the cube 
is given, hut it evidently is not necessary in order to court met 
the persi^ective; His sufficient to know the height of the cube, 
since perpendiculars and diagonals passed through points in 
the upper base of the cube would pierce V somewhere in the 
vertical trace of the plane of the top, as they are horizontal 
lines, and are in that plane, 

Pvoh, 7. (Fig. 8, PI. XXVI.) To jindthe pt i'xjKx'th? of 
a vertical hexagonal jmxnu The prism is placed with one 
face in V ; the line ntj is the vertical trace of the plane of 
the top id the prism. First, construct the perspective of the 
lower base according to Prof*. 4 ; thou construct the perspec¬ 
tive of tiie upper base, remembering that the traces of the 
perpendiculars and diagonals passed through points m the 
upper base, will be in the line n**j\ Connect the two bases 
by vertical lines to complete the pi ism. 

Pt oh. s. (Fig. (), PL XXVI.) To jind the pevapcutmc of 
a VijitfiM pillar verting upon a jwhrtaL Let abhe, a*dea be 
the projections of the pedestal, placed with its face In V ; 
kipl is the horizontal projection of the pillar; k*V is the ver¬ 
tical trace of the plane of the top * r f ibe pile: , 

First, construct the perspective of ihe pedestal jii the same 
way that, the perspective of the cube m- found In Pmh. ti» 
The face attYe is its own perspective, as it is in V, 

To find the perspective of the pillar, court hm- f first 1 lie per¬ 
spective of the lower base ; draw a perpendicular and diago¬ 
nal through the point /if, «' and e are ihe traces of these 
lines, and tdd and dd x their perspeci ive> ; their intersection ia 
the perspective of the point la ; f is tiie trace nl the diago¬ 
nal Ihmnghy?, and fd v irs perspective; the point o in which 
this intersects rdd is the perspective of the point jud * in the 
iame way the remaining points of the base can lie found. 

The perspective of the upper base of the pillar might lie 
found in the name way, or by erecting perpendiculars at tha 
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four points already found; and limiting them by the lines JV 
and Vc . 

Prob, 9, (Pig. 3, PL XXYL) To find theperspective of 
a square pyramid* Let dbde be the plan of the pyramid; 
hv* ia the height of the vertex above the base. Find first the 
perspective of the base; e is its own perspective} as it is in 
Y; m is the perspective of a ; em the perspective of ea ; qp 
the perspective of ed t etc. 

To obtain the perepective of the vertex, find o, the perspec¬ 
tive of its horizontal projection; at o erect a perpendicular 
nntil it meets 4>V, this gives n, the perspective of the vertex; 
joining n with the corners of the base completes the per¬ 
spective. 

Prob . 10. (Fig. 5 , FI, XXVI.) To find the perspective 
of a square pyramid rmting upon a pedestal, ijot abeh 
the plan of the pedestal; rV is the vertical trace of the upper 
base; tlie edge aa f is in V and is part of the perspective ; z 
is the perspective of the point W ; x of hh\ etc. 

After completing the perspective of the pedestal, find the 
perspective of the base of the pyramid ; n f v and fid are the 
perspectives of a perpendicular and diagonal through n, and 
o is the perspective of n * in the same way the other corners 
of the base can be found. 

To find the perspective of the vertex, draw through v a 
perpendicular and diagonal; their traces are v r and p f and 
their perspectives v*c* and fid • s is the perspective of the 
vertex. 

Prob . 11, (Fig. 7, PL XXYL) To find the perspective 
of an hexagonal pri&n^ whose axis is parallel to II and in¬ 
clined to Y 

The prism rests with one face in H ; aekl is the plan; mfi 
is the trace upon T of the plane of the upper face of the 
prism ; tin* is the trace upon Y of the horizontal plane which 
contains the edges projected in al and ek ; cc f is the point of 
eight. 

As the edges aZ, lh y etc., of the prism are parallel lines, and 
are so situated that they pierce Y within the drawing, the 
most convenient way to find their perspectives is by joining 
their traces with their vanishing point To find the vanish* 



ing point, draw ew—c , w r parallel to al t £A, etc.; this pierces 
V at w\ the vanishing point of the edges of the prism. 

The edge al pierces V at a\ and a r w f is its indefinite per 
Bpectivu; this is limited at z by the diagonal t f d; q f is the 
trace of M, when an edge of the upper face, and f/w* is 
its indefinite perspective; this is limited by the diagonals 
m*d and a*d ; qw f is the indefinite ^terspective of A A, when an 
edge of the lower face, and is limited by the diagonals md and 
od, m the same way the perspective of the other edges can 
be found. The method of completing the perspective of tlv 
prism will he apparent. 

Construct the perspective when the axis of the prism is 
pantile! to both planus of projection. 

Prob* 12. (Fig. 1, PL XXVII.) To find the perspectwe 
of a circle. Let aehk 1* the circle situated in the horizontal 
plane. Find ihe perspectives of the squmcs^A£ ami hmno ; 
this will give eight points of the perspective of the circle; the 
curve should be tangent to the sides of the circumscribed 
'square at the points xzyw 

Prab. 13. vFig, 2, PL XXVII.) To find the perxj?ecHvt 
of a circle when it Is perpendicular to both II and V. Let 
tk and a f V he the projections of the circle; ad t! a !i e fi repre¬ 
sents the circle with inscribed and circumscribed squares 
when revolved about the point a// into II. 

To find the perspective of the circumscribed square, draw 
a f c* and Vd / these arc the indefinite perspectives of the 
upper and lower edges; draw the diagonals kp and eq y and 
find their perspectives ; at r and /erect perpendiculars, and 
they will be the perspectives of the vertical edges of the 
square. 

The perspective of tue inscribed square can be found in the 
same way; Vo* is equal to m” and Vh* to oh, 

Prdb . 14. (Fig. 5, PI. XXVTL) To find ihe perspective 
of a vertical cyltmler. The cylinder is tangent hi V ; xy is 
the vertical trace of the plane of the top. Construct the per¬ 
spectives of the two bases by Prob . 12. Vertical lines tan¬ 
gent to the two curves will be the extreme elements of the 
cylinder. 

Remark* In this problem, and some of the others, the per* 
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•pectfaes appear somewhat unnatural; this is owing to the 
point of sight being taken too near the object; with more 
room this can be remedied. 

Prdb. 15. (Fig. 4, IT* XXYII.) To find the perspective 
of a cylinder whose axis is jwpendieular to Y. Let ahtf 
be the cylinder resting upon II. As the ends of the cylinder 
are parallel to Y, their perspedivea will be circles, and it will 
only he necessary to locate their centres and determine the 
length of their radii; is the indefinite perspective of the 
axis of the cylinder ; o f x being equal to ob ; nd L la the per¬ 
spective of the diagonal through o ; lienee r is the perspec¬ 
tive of the centre of the front end, and rv t the perspective of 
o'z t ia the radius; w is the centre of the hack end, and ws 
the radius; lines drawn from c tangent to these two circles 
will he the extreme elements of the cylinder* 

The cylinder is represented with a square hole running 
through it; the perspective of the hole is left for the student 
to construct. 

Construct the perspective of a cylinder with a circular hole 
running through it. 

Piok Id* (Fig, 8, PI. XXVII.) To find the pent] motive 
of a rectangular bfoeh with a winicitridat’ tap* The lower, 
part of the block is square, with a square opening in it; ihe 
top is semicircular with a triangular opening; bke represents 
the projection of the top when revolved about the horizontal 
diameter be id the semicircle until parallel toll; oo r is Ihe 
centre of the picture ; d and rf* the vanishing points of diago¬ 
nals, and also the vanishing points of the edges of the block, 
as it is placed diagonally to V* 

The edge op is equal to of and since it is in V, it is its own 
perspective ; jvf t iu h :iru ^ 1C indefinite puiiqnatives of the 
upper and lower edges of the block; using the diagonal nd 
we obtain nz as the perspective of the vortical edge, which is 
horizontally projected in f. 

To obtain Ihe perspective of the opening, make id and j*q 
each equal to an; draw the lines <jd x and ld^; these are the 
indefinite perspective* of the top and bottom edges of the 
hole; the sides are obtained by erecting perjicijdiculjuv 
through the joints t and r. 
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The completion of the rest of the perspective of the lowei 
part of the block is evident from tlie figure. 

To construct the perspective of the upper part, make 
yk; ph f — inh;pe* — yv; draw the tines k’d^ k'd^ 
where these meet perpend kail are, erected through f, r, will 
be points of the perspective; in the same way other points 
may he found if necessary. The completion of the perspec¬ 
tive is left for the student. 

Construct the perspective when the block is placed so toat 
to edges will not vanish at d and <4* 
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CHAPTER XIIL 

Os the Masses of Retkeskating some of the itoRX itocai 

PbISCETAL AsOIUTECTUKAL ELKliHtfm 

Smf Truss, This term is applied to the main frame* 
placed vertically on the top of the walla of a building to sup* 
port the nrtjf covering. 

The most, simple form of truss (PL YIII. Fig. 99) consists 
of a horizontal beam, .1, lasting oil the walls, termed the tie- 
beam; of two beams, B, suitably inclined for the intended 
islojie of the roof, termed the main rafters; of a vertical post, 
C\ attached to the tie-beam at its centre, and against which, 
at its tup, the rafters rest, termed the king-ja/st, and Iwo 
inclined pieces, M, resting against the bottom of the king-post, 
and at their upper ends against the middle of the rafters, 
termed strata, or braces. 

In small buildings the king-post and struts are sometimes 
left out; and in some eases the tie-beam also* 

In large trusses (PL YIII. Fig, 100) two vertical posts D, 
termed yi icen-posts, replace the single king-|»ost; ansnJitiry 
rafters, Ji\ arc placed under the main rafters, and i^t against 
a horizontal beam, /J termed a straining beam, placed above 
the tie-beam. 

The queon-|K)flts are usually of two pieces each, and receive 
the other beams between them into not dies cut in ouch piece; 
and, in some cases, a king-post connects the middle of the 
straining beam with the top of the rafters. 

On the main rafters are placed beams, G , laid horizontally, 
termed purlins; these support other inclined beams, /J termed 
long rafters , to which the boards, slate, metal, cte., of the 
roof covering are attached. The top purlin ^resting on the 
lop of the main rafters, is termed the rvlge beam ; the bottom 
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ooe, O t on which the end* of the long rafters rest, the yw,*- 
plats. 

Drawing of a roofless. Wo commence the drawing of 
the truss by constructing the triangle aba formed by the 
top line of the tie-beam and the inner linos of the main 
rafters. Next draw the cento lines d—e and </—A of the 
king and queen-poets; next the top line, m —w, of the strain* 
ing beam. 

Having thus made an outline sketch of tho general form, 
proceed by putting in the other lines of tike different beams 
in their order. 

To show the connection of the queen-posts with the tie- 
beam, etc., a longitudinal section (PL YIIL Fig, 101) is 
given, which may be drawn on a larger scale, if requisite. 
Also a drawing to a larger scale is sometimes made, to show 
tho connection between the bottom of the rafters and tho 
tie-beam. 

Remark#* As it is usual in drawings of simple frames 
-like the above to give but erne projection, showing only the 
cross dimensions of the beams in one direction, the dimen¬ 
sions in the other are wittcn either above, or alongside of the 
former. When above, a short line is drawn between them ; 
when alongside, the sign xof multiplication is placed between 
them. The holler plan is to write the number of the cniss 
dimension that is projected in the usual wav, und to place the 
other above it with a short line between, as in Ph XL Fig. e, 
that is, S inches by 9 inches. 

Columns ttnd Kntiihlaf tirea. Ill making drawings of these 
elements, it is usual to take the diameter of the column at the 
base, and divide it into sixty equal }>arl«, tunned minutes; 
the radius of the base containing thirty of those parts, and 
termed a module^ being taken as the unit of measure, the 
fractional parts of which are minutes. Tor building purples 
the actual dimensions of the various parts would be expressed 
in feet and fractional parts of a foot. 

To commence the drawing, three parallel lines (PL IX, Fig. 
102) are drawn on the left-hand side of tho sheet of paper. 
The middle space, headed is designed to express tho 
hdght^ or distances apart vertically cf the main divisions; 
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that on the left, headed /?, is for the heights uf the fmbdi 
vbiois of tilts maiu ]na tions; and that on the right, headed 
T, is for what are termed th a that is, the distances 

measured horizontally between the centre line, or axis of the 
column, and the parts which project beyond the axis. 

At a suitable distance on the right of these lines another 
parallel, X— Y, is drawn for the axis of the column. At sumo 
buI table point, towards the bottom of the sheet, a perpendicu¬ 
lar Is drawn to the axis, and prolonged to cut the parallels 
to it. This last bne is taken as the bottom line of the bu.^e 
of the column. From this line ect off upwards—1st, the 
height of the base; 2d, that of the shaft of the column; 3d, 
that of the capital uf the column ; 4th, the three dlvisions of 
the entablature; and through those points draw parallels to 
the bottom line. 

Commencing now at the top horizontal lino set off along it 
from the axis, to the right, the distance <i — h y equal to the 
projection of the point h } in the same way the projections of 
the successive points, in their order below, as d t J\ etc. Iluv-* 
ing marked these jaunts distinctly, to guide the eye in draw¬ 
ing the other lines for projections, commence hy setting off 
accurately, from the top downwards, the heights of the respec¬ 
tive subdivisions along the space headed It. These being set 
off draw parallels, through the points set off, to the horizon¬ 
tals, commencing at the lop, and guiding the eye and hand 
by the points A, d, etc., in order not to extend the lines un¬ 
necessarily beyond the axis. 

Having drawn the horizontals, proceed to set off upon them 
their corresponding projections; which clone, connect the 
horizontal lines hy right lines, or arcs of circles, m shown in 
the figure. 

Mouldings. The mouldings in architecture are the jxu'tious 
formed of curved surfaces. The outlines, or profiles of those 
in most common use in the Homan style, arc shown in (PI. 
IX. Fig. 103), they consist of cither a single arc of a circle, 
which form what are termed simple mouldings; or of two or 
more ares, termed compound mouldings. The arcs In the 
Plate are either semicircles, us in the tora^ i »tc., or quad rants 
of a circle, aa In the cavetto , scotia, etc. The muunei oi 
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constructing these curve? is explained {PI. Ill, Figs. 3ft, 40, 
etc.). 

The entire outline to the right of the axis is termed a 
profile of the column and entablature, 

Rrmnrl'x, In setting off projections, those of the parts 
above the shaft are some times estimated from the outer point 
of the radius of the top circle of the shaft; and those below 
it from the outer point of the lower radius; but the method 
above explained is considered the best, as more uniform. 

Where the scale of the drawing is too large to admit of the 
entire column being represented, it is usual to make the 
drawing, as shown in the figure, a part of the shaft being 
supposed to be removed. 

The outline of the sides of the shaft are usually curve lines, 
and constructed as billows:—Having drawn a line o—p (Ph 
IX. Fig. 104) equal to the axis., and the lines of the top and 
bottom diameters being prolonged, set off on the latter their 
respective radii o —and p —From a set off a distance 
• to the axis a—<\ equal to o —the lower radius; and prolong 
Or— c, to meet the lower diameter prolonged at Z. From the 
point Z draw lines cutting the axis at several points, as Z, 
etc. From these points act off along the lines Z—<1, etc., the 
lengths *l —/rt T € —tfre., respectively equal to a— e, or the 
lower radius; the points wj, u, etc., joined, will be the outline 
of the side of the column. 

Armies* {PL YITLFig. 105.) The anv of simplest form, 
and most usual application in structures, is the rgUtuh'uutl^ 
that is,one of which the cross section Is the san-c throughout, 
and upon the interior surface of which, termed the xojfti of 
the arch, right lines can be drawn between the two ends of 
.t. The cross sections of most usual form are the semicircle, 
an arc of a circle, oval curves, and curves of four centres 

Right a/rch* The example selected for this drawing is tho 
one with a semicircular cross section, the elements of the 
cylinder being perpendicular to the ends, and which is termed 
the/u# centre right art A. 

We commence this drawing by constructing, in the first 
place, the elevation of tliojfoctf, or the front view of the end 
ti the arch. Having drawn a ground line G —Z, set off 
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from any point; as a, a distance cb-b t equal to the diameter 
of the semicircle of the cross section; erecting perpendieu- 
lars at a and b t set off on them the equal distances a—A t and 
b—By for the height of the lower lines of the arch above the 
horizontal plane of projection; join A and B, and on it de¬ 
scribe the semicircle ACB / and from the same centre 0 
another parallel to it; with any assumed radius GD. Divide 
the semicircle ACB into any odd number of equal parts, as 
five, for cxamplo ; and from the centre draw the radii Om t 
etc. t through the points of division m f etc., and prolong them 
to m'y etc,, on the outer semicircle. From the points Z>, in', 
n', etc.; draw the vertical lines m'—<z, etc., to 

intersect the horizontal lines drawn through m f etc. The 
pentagonal figures Btam'dDy etc., thus formed will be the 
form of the arch stones of the face of the areh. The top 
stone, at 0\ is termed the key-stoney its vertical side nf^a is 
taken at pleasure. 

Having obtained the shapes of the face stones, we next 
proceed to draw those of the face of the wall contiguous to 
them. The manner of combining the stones of these two 
parts is purely arbitrary. The only rule is so to combine 
the horizontal lines of the two tw to present a pleasing archi¬ 
tectural effect to the eye. The usual method, for obtaining 
this result, is to bring the horizontal lines of the face of the 
wall, on cacti sale of the arch, to he on the prolongations of 
those A — f),w. f —r/, etc., of the arch; and so to divide the 
vertical distances !)— —c, etc., 1 hat the distances between 
tho intermediate horizontals shall be as nearly equal as prac¬ 
ticable. The distances between the horizontals of the face 
of the wall, below tho arch, are usually the same, and equal 
to those just above. 

If the walls ou which the arch rests are built for the sole 
purpose of supporting it they are termed td titfwnU. The 
portions of these, here shown hi front, view, are termed the 
ends, or /wW* of die abutments; the portions projected in 
a, and B — b, and lying below the tmfiit of the arch, are 
termed the sides or 

The lines projected in A, and B t along which the soffit 
loins the faces of the abutments, are termed the springing 
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CnAPTEK XIV 

HEGHANISU. 

Prvh< 114* (PI* XIV* Fig. 137.) 7b construct Me pnycc 
tit ms of a cylindrical spur wheat 

The wheal work employed, in mechanism, to transmit the 
motion of rotation of one shaft 1o another (the axis of the 
hecoiul Ixhng parallel to that of the lost), usually consists of 
a cylindrical disk, or ring, from the exterior surface of which 
projects a spur shaped combination, termed teeth^ or /vy/*, so 
arranged that, the teeth on one wheel interlocking with those 
of the other, any motion of rotation, received by the one 
wheel, is comm mi i cat ed to the other by the mutual procure 
of the sides of the teeth. There arc various methods by 
which this is efleeted ; but it will be only necessary ill this 
place to deseril>e the one of most, usual and simple construe- 
tion, for the object wc have in view* 

The thickness of each tooth, and the width of the space 
between each pair of teeth, are set. otf upon the circumference 
of a circle, which is termed the pitch tine or piU'h deck. The 
thickness of the tooth and the width of the space taken 
together, as measured along the pitch line, is termed the pitch 
of the tootii* The pitch being divided inlo eWi u equal parts, 
live of these parts are taken ibr the iliicknes* < d'the tooth, 
and six for the width of the spac^. T hiding given the radius 
o—m of the pitch circle, and described circle, H must first 
be divided into as many parts, each equal to ft—A, the pilch of 
the teeth, as the number of teeth. Having made this division, 
the outline of each tooth may be set out as follows f rom 
the point A, witli the distanced—A as a radius, describe an 
arc h — c } outwards from the pitch circle ; having set oft ft—e, 
the thickness of the tooth ; from the point l\ with the same 
radius, describe the arc c—/ To obtain the apex c—f of the 
tooth, which may he either a right line, or an arc desertVd 
from o as a centre; place this arc ihrcc-tcnlhs of the pitch 
\—ft from the pitch line. The sides of the tooth, within the 
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pitch circle, are in the directions of radii drawn from tha 
points b and e. The bottom d — <7 of each space is also an arc. 
described from 0 , and at a distance, from and within the 
pitch circle, of four-tenths of the pitch* From the preceding 
construction, the outline of each tooth will be the same ns 
abefni; and that of each space ftbjL The curved portions 
b — c , and c—f of each tooth are termed the faces . the straight 
portions a —ft, and d—e t the faults. The outline here 
described represents the profile of the parts, made by a plane 
perpendicular to the axis of the cylindrical surface, to which 
the teeth arc attached; which surface forms the bottom of 
the spaces. The breadth of the teeth is the same as the 
length of the cylindrical surface to which they are attached. 

The solid to which the teeth arc attached or of which the} 
form a portion is a rim of the same material as the teeth; 
and this rim is attached to a central boss t either by arms, like 
the spokes of a carriage wheel, or else by a thin plate. The 
former is the method used for large wheels; the latter for 
small ones. 

In wooden wheels, the cogs are let into the rims, by holes 
cut through the rims. In cast iron wheels, the rim and teeth 
are cast in one solid piece. When the latter material is 
used, the arms and central boss are also cast in one piece 
with the rim and teeth in medium wheels; but in large sized 
ones, the wheel is cast in several separate portions, which are 
afterwards fastened together and to the arms, &c. 

In the example before us, we shall suppose, for simplifica¬ 
tion, that the rim joins directly to the boss; the latter being 
a hollow cylinder, projecting slightly beyond each face of the 
wheel; the diameter of the hollow being the same os that of 
the cylindrical shaft on which the wheel is to be placed. 

Let us now suppose the axis of the wheel horizontal and 
perpendicular to the vertical plane. In this position of the 
wheel, the outline just described will be the vertical projec¬ 
tion of the wheel; the rectangle RSTU the horizontal projec¬ 
tions of the teeth and rim; and the one OO'P'P, that of the 
boss, which projects the equal distances S— 0 } and R — 0\ 
beyond the faces R —and S —tfof the wheel. 

The faces of each tooth, the Burfaoe of its apex, and th« 
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bottom of each space are all portions of cylindrical surfaces, 
the elements of which are parallel to the axis of ihe wheel. 
The horizontal projections of Ihe crises of llie teeth C v — (7'and 
F *—/'"'which correspond to the points projected in c t and/ 
as well as those of the spaces, which correspond to the points 
a and d t will be right lines parallel to 0—0'. Drawing the 
projections as £7— O', and F—F, &c., of these edges, we 
obtain the complete horizontal projection of the wheel. 

Prob. 116. (PI, XIV. Fig. 138.) To construct tlte projec¬ 
tions of the mine wheel when the axis is stiU horizontal but oblique 
to the vertical plane. 

As in the preceding Prcbs, y of like character to this, the 
horizontal projection of all the parts will, in this position of 
the axis, be the same as in the preceding case; and the 
vertical projections will be found as in like eases. The pitch 
circle and other circles on the faces of the wheel, and the 
ends of ihe boss, will be projected in ellipses; the transverse 
axes of which are the vertical diameters of these circles; and 
the conjugate axes the vertical projections of the correspond 
ing horizontal diameters. The vertical projections of the 
edges of the teeth, which correspond to the horizontal pro* 
jections C—O', and F-~F\ &c., will he the lines c — c If \ and 
f—f r \ &c., parallel to the projection o'—o", of the axis. 

/Vofi. 116. {FI. XV. Fig. 139.) To construct the projections 
of a mitre , or leveled w/ieef, the axis of tlte wheel being horizontal 
and perpendicular to the vertical plane. 

The spur wheel, we have seen, is one in which the teeth 
project beyond a cylindrical rim, cUached to a central boss 
either by arms, or by a thin connecting plate; moreover that 
portions of the teeth project beyond the pitch line, or circle, 
whilst other portions lie within this line. Mitre, or beveled 
wheels, are those in which the teeth are attached to the 
surface of a conical rim; the rim being connected with a 
central boss, either by arms, or a connecting plate. In the 
beveled wheel the faces of the teeth project beyond an 
imaginary conical surface, termed the pitefi cone , whilst the 
flanks lie within the pitch cone. The faces and flanks are 
conical surfaces, which have the same vertex as the pitch 
oone; the apex of each tooth is either a plane, or a conical 
12 
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surface which, if prolonged, would pass through the vertei 
of the pitch cone; and the bottom of the space between each 
tooth ia also a portion of a cone, or a plane passing through 
the same point 

The ends of the teeth and the rim lie on conical surfaces, 
the elements of which are perpendicular to those of the pitch 
cone, and have llic same axis as it. 

Before commencing the projections, it will he necessary tr 
explain how the teeth are set out, as well as the rim froir 
which they project. Let V (Figs, -d, R) be the vertex of the 
pitch cone; V— o its axis; and Vmt its generating triangle. 
At 7i and m t drawing perpendiculars to V —u and V-^m, let 
the point v f where they meet the axis prolonged, Ijc the 
vertex of the cone that terminates the larger ends of the 
teeth and rim. Setting off the equal distances m— m and 
n — n\ and drawing m ?/ and n* — v 1 respectively parallel to 
m—v and n—v T let v* be the vertex of the cone, and r'flaV 
its generating triangle lhat forms the other end of the teeth 
and rim. 

Having by AvA 114 developed the cone, of which v is > 
the vertex (Kig. R) and n the diameter of tlie circle of its 
base; set off upon the circle, described with the radius 
v— ft, the width —b of the space between the teeth, together 
with the thickness h —e of the teeth, as in the preceding 
Rivl. llu, and construct the outline of each tooth and space 
as in those cases; next sot. off a —t, equal to a —for the 
thickness of the rim at the larger end, and describe the circle 
limiting it, with the radius v— i. If now wo wrap this 
development back on the cone, wo eau mark out upon its 
surface the oudine of the larger ends of the teeth ; and we 
observe that the faces of the teeth will thus project beyond 
the pilch cone, and the flanks lie within it. If we next 
*mpi> 0 KC lines to bo drawn from the vertex K to the several 
points of the outline of the teeth, the spaces between them, 
and to the interior circle of the rim, the lines so drawn will 
lie on the bounding surfaces of the teeth and rim; and the 
points in which they meet the surface of the cone, h:u log ihe 
vertex v\ and which limits the smaller ends of the tooth, will 
mark out on this surface the outlines of the smaller ends of 
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toe teeth and rim. The length of each toothj measured 
along the element 1 — u of the pitch cone, will he it— u\ 

To construct the vertical projection of the wheel, we 
observe, in the first place, that the points ^ b } f, (Fig, Zf), 
where the faces and flanks join, he upon the circumference 
of the circle of which o—a is the radius, and which is the 
pitch circle for the outline of the ends of the tcolh; in like 
manner that the points e t / t Ac., of the apex of each looth, lie 
on a circle of which p—q is the radius; the points & 7 u t U, 
Ac., lie on the ciicle of which r—s is the radius; and the 
interior circle of the rim has t—ti h r its radius. Tlie radii 
of the corresponding circles, on the smaller ends of the teeth 
and rim, are o' — u'; //— q r ; and t — u\ In the second 

place all these circles are parallel to the vertical plane of 
projection, since the axis of the wheel is perpendicular to this 
plane, and they will therefore be projected on this plane in 
their true dimensions. 

From the point 0 then, the vertical projection of the axis, 
describe in the first place the four concentric circles with the 
radii 0—y, 0 —A', ami U—f/respectively equal 10 

p — q, u^tij Ac.; and, from the same centre, the four others 
with radii 0 — (Ji\ Air, respectively equal toy— q' t Ac, 

On the circle having the radius 0 —A^ set off 1 the points 
B } Ei Ac., corresponding to n, £, e, Ac-: on the one 0 — Q t 
the points C\ 1*\ Ac., corresjloading to r,yj &e.; on the one 
0 —*S, the points 1), Ac., corresj >011 ding to s, a, (/, Ac. 
From the points C and J f \ thuja set ofl^ draw li^ht lines to the 
point Of the portions of these lines, intercepted between the 
circles of which O—Qtxn d 0 — Q 1 are t espeetive]j the radii, 
with the portions of the arcs, as 0 — F (J —iutereejrted 
between these lines, will form the outline of the vertical pro* 
jection of the figure or the apex of the tooth. The portions 
of the linos, drawn from. B and E to 0 y intercepted between 
the circles described with the radii 0— K and 0 — &\ together 
with the portions of the lines forming the edge of the apex, 
and the curve lines JS— E—F anti the corresponding 
curves B —<?, F—F on the smaller end, will be the projeo 
tions of the outlines of the faces and flanks of the tooth. The 
outline of the projection of the bottom of the space will lie 
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between the right lines drawn from jtfand A to 0 t and the 
arcs S— A, &\—A\ intercepted between these lines, oil the 
circles described with the radii 0 — S, and 0—S, 

The projection of the cylindrical eye of the boss is the 
circle described with the radius 0—K. Having completed 
the vertical projection, the corresi ion ding points in horizontal 
projection arc found by projecting the points Q F } E y A, 
/?, &c., into their respective circumferences (Fig. d) at 
r \f t h\ &c, The portions of the lines drawn from Cand / 
to 0 % in vertical projection will, in horizontal projection, be 
drawn from c r and/' to F; and so for the other elements of 
the surfaces of the faces, flanks, &c. T of the teeth. The horn 
zonial projection of the larger end of each tooth will be a 
figure like the one a'h'cfc'd'. 

The boss projects beyond the rim at the larger end of the 
wheel; it is usually a hollow cylinder, Ita horizontal pro- 
jeetion is the figure :ryzn\ kv. 

Prob> 117, (PI. XV. Fig. 140.) To construct the projec¬ 
tions of tfiz some whed } when the axis is oblique to tfit vertica 
plane t and parallel as before to the horizontal. 

I'liip variation of the problem requires no particular verbal 
explanation; as from preceding problems of tbe like cha* 
racter, and tbe Figs, tbe manner in which the vertical 
projections arc obtained from the horizontal will be readily 
made out. The best maimer however of commencing the 
vertical projection will lie to draw, in the first place (Fig. ])\ 
all the ellipses which are the projections of the circles 
described with the radii 0 — Q t O — N } &c. (Fig, C), and next 
those of the vertices of the three cones, which will lie the 
points Vy 0\ and O'*. These being drawn the projections of 
the different lines, forming the outline of the projection cf 
any tooth, can be readily determined, 

ProK 118. (PI, X. Fig. 14 L) To t/ie ptrojec* 

tions of the screw with a stfimre thretuL 
Ab a preliminary to this problem, it will be requisite to 
show how a line termed a helix^ can be eo marked out on the 
surface of a right circular cylinder that, when this surface is 
developed out, the helix will be a right line on the develop* 
menl : and the converse of this, having a right line drawn ol 
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the developed surface of a rigid circular cylinder* to find the 
projection of this dine, when the development is wrapped 
around the surface. 

Let ABCD be the horizontal projection of the cylinder; 
acc a T its vertical projection; 0 and the line c^-r/ the projec¬ 
tions of its axis, Let the circle of the ba^>! be divided into 
any number of equal parts, fur example eight, and draw the 
vertical projections e —r', f—f, &c., corresponding to the 
points of division A* I f \ &u. Having found the development 
of this cylinder* by constructing a rectangle (PI. X, Fig, 
142), of which the base a —u is equal i > Ihc circumference of 
the cylinder’s ba*w*, and the altitude u— a f is that of the 
cylinder; through the points e t />, / r, &c., respectively equal 
to the equal parts E % &c*, of the circle, draw the lines 
e — 1 \ h — h\ &c., parallel to a —These lines will be the 
developed positions of the elements of the cylinder, pro¬ 
jected in r— 1 '\ A—//, Now on this development let any 
inclined line, as u— m , he drawn ; and from the point a, at 
the same height above the point <> t on the left, as the point in 
Is above a on the right, let a second inclined line a —W he 
drawn parallel to u —ru ; and so on ns many more equidistant 
inclined parallels as may be requisite. Now it will be 
observed, that the first line, a —m, cuts the dlilcrcnt elements 
of the cylinder at the points marked l, 2, 3, &c + ; and there¬ 
fore when the development of the cylinder is wrapped around 
it these points will be found on the projecl ms of the same 
elements, and at the same heights above the projection of the 
baae as they are on the development Taking, Ibr example, 
the elements projected in b — b\ and c — c , the points 2 and 4 
of the projection of the helix will be at the same height^ 
^—2, and c —4 on the projections, above a —r, as they are on 
the development above a —a. It will lx 1 further observed^ 
that the helix of which a—m is the development will extend 
entirely around the cylinder; so that the point ru, on the 
projection, will coincide with the two in and a on the dcv» 
lopmcut, when the latter is wrapped round; and so on for 
the oLiter points m, st\ and m f ; so that the inclined parallel! 
will, in projection, Ibrm a continuous line or helix uniformly 
wound around Lhe cylinder. Moreover, it will be seen, if 



INDUSTRIAL DRAWING. 


162 

through the points 1, 2, 3, &c., on the development, lines are 
drawn parallel to the base a—that these lines will he equi' 
distant, or in other words the point 2 is at the same height 
above 1, as 1 is above u, &c.; and that, in projection also, 
these points will be at the same heights above eaeb other; 
this gives an easy method of constructing any helix mi a 
cylinder when the height between its lowest and highest 
point tor one turn around the cylinder is given. To show 
this; having divided the base of the cylinder into any 
number of equal parts (PL X. Fig, 141), and drawn the 
vertical projections of the corresponding elements, set off from 
the foot of any clement, os u, at which the helix commences, 
the height fl—m, at which the helix is to end on the same 
element; divider /—m into the same number of equal parts 
as the base; through the points of division draw lines 
parallel to r, the projection of the base; the points in 
which these parallels cut the projections of the elements will 
he the required points of the projection of the helix; draw¬ 
ing the curved line «, I, 2, Ace., through these points it will 
he the required projection. 

Having explained the method for obtaining the projec¬ 
tions of a helix on a cylinder, that of obtaining the projections 
of the paTts of a screw with a square fillet will be easily 
understood* 

Prob. 119, (1*1, XVI. Fig. 143.) To construct tile projection* 
of a screw with a square fillet. 

Draw its before a circl', with any assumed radius A— i? T 
for the base of the solid cylinder which firms what is termed 
the itewef of the screw, and around which the fillet is wrapped. 
Construct, as above, the projections of two parallel helices on 
the newel; tlu: one t£hn\ the other their distance 

apart, a — x i bring the height, or thickness of the lillei, 
estimated along the element a — a 1 of the cylinder. From £>, 
with a radius i> — A\ describe another circle, such that 
A — A 1 shall be the breadth of the lillei as estimated in u 
direction perpendicular to the axis of the newel; and let the 
rectangle a"cW' be the vertical projection of this cylinder. 
Having divided the base of the second cylinder into a like 
Dumber of equal parts corresponding to the first* and drawn 
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the verticil! projections of the elements corresponding tr> these 
points, as h — h\ tte., construct the verlienl projection of a 
helix on iliis vylindm, which, ciirumencing nt the point a" 
fchall in one turn reach the point m'\ at the same heidu 
above a' 1 as the point w is above a. The helix thus found 
will evidently eul ihe Hi'iucnis of the outer cylinder At the 
same heights alnuc ihr bat-e us the corresponding one on 1 lie 
inner cylinder eu:^ (hr ntiTcspondiTig clcniciils to those of 
the 1] rst ; the pvi ^|irt a oMlm I wo will eviih ntlv ero^s each 
other sir. tin 1 pomi ^ *>it tin 1 line /■— h\ Tn like mariner 
construct a. second helix y r '2*J,'\ on de second cvlmder ami 
parallel to the li n-t. mieninifing h m a point at. the same 
height, above a" as it is uhu\ e tt. r M:i^ m hl,o maimm-, w ill 
cross the prpjcci it in ,rj-_ at il,e ] m rii: t li. The fmi projivtions 
of lichees thus found will he the projeciiosi* uf ihu exterior 
and inlOTior lines oT 1 he lillel : the ex in mv surfiee of which 
will coincide u it 1 1 that of the exterior <p limiei; and die top 
and bottom surfaces of which will lie between ibe correspond¬ 
ing helices at top and bottom. The void spurt- between the 
fillet v hieli lies between the exterior i viiiuler and liic surface 
of the newel is termed ihe ckattnd; its dimensions arc usually 
the same as those of the fillet. 

Proh. 120. (Pis, XVI. XVII. Kigs. ti4 to lf>7.) To 
soufitrurl tftf lines fit a u: tug (he usual combination of the 
working beam^ Ihv cruuh^ and the cfjnurrdtrj rod of a skmn 
engine. 

In a drawing of the kind of which the jinm-ipa! object is 
to show the combination of the . ai „ no other detail is put 
down hut what is requisite to give m. idea oi tin; general 
forms and dimensions of the main pietv^ and their re one 
positions as determined by the motions id which they are 
susceptible. 

As each element of this combination is symmetrically dia* 
p<i&ed with respect lo a ccntiul line, or axis, we commence 
the drawing by setting off, in the first place, these central 
lines in any assumed position of ih i parts; these arc the 
lines o—f^ the distance from the centre of motion of the 
working beam A to that of its connexion with the connecting 
rod 7?, and which is 3 inches and 55 hundredths of an inch 
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actual measurement on tlic drawing, or 4 feel 43 lmmlrgdlhr 
on the machine ilsellj the scale el the drawing being 1 inch U: 
1 J foot, or ^ ; next the line f—c, the distance of the centre of 
motion / to that c of the cm meeting rod and crank C; lastly 
the line e — d t from the centre of motion e to that d of the 
crank and the working shaft, the actual distance being 1 inch 
3d hundredths. These lines being accurately *et off. the 
outlines of the parts which are symmetrically placed with 
respect to them may be then set oil; such dimensions as 
are not written down being obtained by using the scale of 
the drawing, or from the more detailed Figs. 146 to 167. 

Having completed the outlines we next add a sufficient 
number of lines, termed indicating lines, to show the ampli¬ 
tude of motion of the parts, or the space passed over between 
the extreme positions of the axes, as well as the direction or 
jtathu in which the parts move. These are shown by the arc 
described from o with the radius o—f; the circle described 
with d — e; the lines o — a, o —c, and o —ft, the extreme and 
mean positions of the axis o—f; with b— A, and ft— g the 
extreme positions of/—e. 

Besides the axes and indicating lines, others which may be 
termed axial lines, being lines drawn across the centre of 
motion of articulations, as through the point of the axis on 
cross sections, are requisite, for the full understanding of the 
combinations of the parts; such, for example, as the lines 
e—£ c andv— w , on {Fig* 147), which is a cross section of the 
connecting rod, made at m— n, m* —Figs. 145, 14t>; those 
X-F, X—F, &c.; those Z-W t %—W' on Figs. 146 
to 167, 

flrak 121. (PL XVIIL Figs. 158 to 170.) To mute iU 
measurements, tint sketches, and finish* d drawing of a machine 
from the machine itself. 

A very important part of the business of the draftsman 
and engineer is that of taking the measurements of industr'al 
objects, with a view to making a linished drawing from the 
rough sketches made ut the time of the measurements. For 
the purposes of this labor, the draftsman requires the usual 
instruments for measuring distances and determining the 
horizontal and vertical distances apart of points; as tht 
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'»rpetiter f H rule, measuring rods, or compasses, chalk 
line, an ordinary loveJ, and a plumb line* The first Lliree arc 
used for ascertaining the actual distances Iwtwrcn points, 
lines, & to,; the chalk lines to mark out on the purls to he 
measured central lines, or axes; the two last to determine 
the horizontal arid vertical distances tatween points. For 
sketching, paper ruled into small squares with blue, or any 
other colored lines, is most convenient; such as is used, for 
example, by engineers in plotting sections of ground. With 
such paper, or lead pencil, and jien and ink, the draftsman 
needs nothing more to note down the illative positions of the 
parts with considerable accuracy. Taking lor example the 
side of the small square to represent one or more units of the 
scale adopted for the sketch, he can judge, by the eye, pretty 
accurately, the fractional parts lo be olK Iti 7 nuking 
measurements, it should be borne in muni, 1 hut. it is better Lo 
lose the time of making a dozen u>elrs^ nne>, ihan to omit a 
single necessary one. The sketch i* usually made n\ lead 
pencil, but it should be put in ink, by going over the pencil 
lines with a pen, as soon as possible; otherwise the labor 
may be lost from the uflhcing of numbers or lines by wear. 
The lines running lengthwise ami crosswise on the paper, 
and which divide its surface into squares, will serve, as 
vertical and horizontal lines on the sketch, to guide the hand 
and eye where projections are required. 

It is important to remember, that in making measurements 
we roust not take it for granted that lines arc parallel that 
seem so to the eye; as, for example. in the sides of a room* 
house, &c. In all such cases the diagonals should be 
measured. These are indispensable lines m all rectilineal 
figures which are either regular or irregular except the square 
and rectangle. 

The mechanism selected for illustrating this Prob. is the 
ordinary machine termed a crab engine for raising heavy 
weights. It consists, 1st (Fig. 158), of a frame work com* 
posed of two standards of cast iron A t A t connected by 
wrought iron rods b t h with screws and nuts; the frame being 
firmly fastened, by bolts passing through holes in the bottoms 
of the standards, to a solid bed of timber framing; 2d, of the 
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CHAPTER XV. 

TOPOGRAPHICAL DRAWING. 

TtlE term topographical drawing is applied to the method* 
adopted for representing by lines, or oilier processes, tmth 
the natural features of the surface of any given locality, and 
the fixed artificial objects which may be (bund on the 
surface. 

This is effected, by the means of projections, and profiles, 
or sections, an in the repiescntalion of oilier bodies, com¬ 
bined with certain conventional signs to designate more 
clearly either the forms, or the character of the objects of 
which the projections are given. 

As it would be very difficult and, indeed with very few 
exceptions, impossible to represent, by the ordinary modes 
of projection, the natural features of a locality of any con¬ 
siderable extent, both on account of the irregularities of the 
surface, and the smallness of the scale fi winch drawings of 
objects of considerable sirte must necessarily be limited, a 
method has been resorted to by ivhich the horizontal dis¬ 
tances apart of the various points <>i the surface can be laid 
down with great accuracy even to very t>m:dl scales, and also 
the vertical distances be expressed with equal accuracy either 
upon the plan, or by profiles. 

To explain these methods by a familiar example which 
any one can readily illustrate practically. Jet us suppose 
(PL XIX- Fig. 171) a large and somewhat irregularly shaped 
potato, melon, or other like object selected, and alter being 
carefully cut through its centre lengthwise, so that the section 
shall coincide as nearly as practicable with a plane surface^ 
let one half of it be cut into slices of equal thickness by 
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sections parallel to the one through the centre. Thu* being 
done, let the slices he accurately placed on each other, so as 
to preserve the original shape, and then two pieces ol straight 
stiff wire, A t B t be run through all the slices, taking care to 
place the wires as nearly perpendicular ^ practicable to the 
surface of the board on which the bottom slice rests, and into 
which they must be firmly inserted. Having marked out 
carefully on the surface of the board the outline of the figure 
of the under side of the bottom slice, take up the slices, being 
careful not to derange the positions of the wires, and, laying 
aside the bottom slice, place the oue next above it on the two 
wires, in the position it had before being taken up, and, 
bringing its under aide in contact with the board, mark out 
also its outline aa in the first slice. The second slice being 
laid aside, proceed in the same manner to mark out the out¬ 
line on the board of each slice in its order from the bottom ■ 
by which means supposing the number of slices to have been 
five a figure represented by Fig, 171 will be obtained. Now 
the curve first traced may be regarded as the outline of the 
base of the solid, on a horizontal plane; whilst the other 
curves in succession, from the manner in which they have 
been traced, may be regarded as the horizontal projections 
of the different curves that bound the lower surfaces of the 
different slices; but, as these surfaces are all parallel to the 
plane of the base, the curves themselves will be the hori¬ 
zontal curves traced upon the surface of the solid at the same 
vertical height above each other. With the projections of 
these curves therefore, and knowing their respective heights 
above the base, we are furnished with the means of forming 
some idea of the shape and dimensions of the surface in 
question. Finally, if to this projection of the horizontal 
curves we join one or more profiles, by vertical planes inter¬ 
secting the surface lengthwise and crosswise, we shall obtain 
as complete an idea of the surface as can he furnished of an 
object of this character which cannot be classed under any 
regular geometrical law. 

The projections of the horizontal curves being given as 
well as the uniform vertical distance between them, it will be 
very easy to construct a profile of the surface by any vertical 
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plane, Let X— Y be the trace of any such vertical plain:, 
and the points marked x!\ Ac., be those in which it i-ub 
the projections of the curves from tlie base upwards. Let 
0—L be a ground line, parallel hi A"— Y t above which the 
points horizon tally projected in ,r. /, n:*\ Ac., are to lie 
vertically projected. Drawing perpendiculars from these 
points to 0 — L } the points will be projected into the ground 
line at y; that marked x 1 above the ground line at y\ at the 
height of the first curve next to the base above the horizontal 
plane ; the one marked x f \ will be vertically projected in y r \ 
at the same vertical height above x* as y* is above y; and 
so on fir the other points. We suv iberulbrc that if through 
the points y, y\ y\ &c., wc draw lines y '— y\ &t\, parallel to 
the ground line these lines will be at equal distances apart, 
and are the vertical projections of the lines in which the 
profile plane cuts the different horizontal planes that contain 
the curves of the surface, ami that the curve traced through 
yy*y*\ Ac., is the one cm from the surface. In like manner 
any number of profiles thill might be deemed requisite to 
give a complete idea of the surface could be constructed. 

In examining the profile in connexion with the horizontal 
projection of the curves it will be seen that the curve of the 
profile is more or less steep in proportion as die horizontal 
projections of the curves are the nearer to or farther from 
each other. This fact then enables us to form a very good 
idea of the form of the surface from the hoi nlnl projections 
atone of its curves \ as the distance apart oi the curves will 
indicate the greater or less deelu ity *i the surface, and their 
form as evidently shows where the surface would present a 
convex, or concave appearance to the eye. 

For any small object, like the one which has served for our 
illustration, the same scale may be used for both the hori¬ 
zontal and vertical projceiious. Hut in the delineation of 
large objects, which require to be drawn on a small scale, to 
accommodate the drawing to the usual dimensions of the 
pj>er used lor the pcq^se, it often becomes impracticable to 
make the profile on the same scale as the plan, owing to the 
tmallness of the vertical dimensions as compared with the 
horizontal ones. For example, let us supjjose a hill of irro 
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guiiir shape. like the object of tmr preceding illustration, and 
that the horizontal curve of its base is three miles in itf 
longest direction, and two in its narrowest, and that the 
highest point of the hill above its base is ninety feet; and let 
us further suppose that, we have Lhe projections of the hori¬ 
zontal curves of the hill for every three feet estimated ver¬ 
tically, Now snp]losing lhe drawing of the plan made to a 
scale of one loot to one mile* the curve of the base would 
require E’or its delineation a sheet of paper at least J5 feet long 
and '1 feet broad. Supposing moreover the projection of the 
summit nfthe full to lie near the centre of the base and the 
declivity from this point in all directions sensibly uniform, it 
will be readily seen that 1 Iks distance apart of the horizontal 
curves, estimated along the longest diameter of the curve of 
the base will be about half an inch, and along the shortest 
one about ouc-Uiml of an meh ; so that although the linear 
dimensions of the horizontal piqjeetious arc only the jJ T(l of 
the actual dimensions of the hill yet no difficulty will lie 
found in pulling in t]jc horizontal curves, Ihit if it were 
required to make a prolile on the same scale we should at' 
once see that with our ordinary instruments it would be 
impracticable, her us any linear space on the drawing is 
only the - h -£. iTi part of the corresponding space of the object, b 
follows that for a vertical height of three lent, the distance 
between the horizontal curves, will lie iepresenled on the 
drawing of the p'^iiJe by the , j 1 ,,^ part, of a foot, a distance 
too small to be hud olf by our usual means. Now to meet 
this kind of dilheulty, the method hua been devised of 
drawing profiles by maintaining the same horizontal distances 
between the points as on the plan, but making the vertical 
distances on a scale, any multiple whatever greater than that 
of the plan, which may be found convenient. For example, 
in thy cose before us, by preserving the same scale us that of 
the plan fur the horizontal distances, the total length of the 
protile would be 3 feet; but if we adopt for the vertical 
distances a scale of of an inch to one foot, then the vertical 
distance between the horizontal curves would be t \ of an 
inch, and the summit of the prolile w ould be D inches above 
its base It will be readily seen that this method will not 



TUPGGItAPUlCAL DRAWING, 


ltfl 

alter the relative vertical distances of the point# from each 
other; [br p,, ur an inch, the distance between any two 
zonml curves on ihc profile, is the ^ of 9 inciies the heivh. 
of the projection of the sunning just as K lent Is ihe of 90 
feet nn the actual object. Rut it will he further seen that uic 
profile otherwise gives us no assistance in forming an idea of 
the actual shape and slopes of llie object, and in fact rather 
gives a very erroneous and distorted view of them. 

of Ctiinpm'hoiij or Itiftrenev. To obviate the troubh 
of making publics, and partieuhHv when the scale of ihe 
plan is so small that a distoi led and tin refme erroneous view 
may he given by the profile made o:i a larger scale than that 
of the plan, recourse is had lo the projections alone oE' the 
horizontal curves, and lo nuiuDcts written upon them which 
express their respective heights above some assumed hon* 
zontal plane, which is termed the plane of reference* or of 
comparison. In Fig, 171, Ibr example, Ihe plane of the ha>e 
may be regarded as the one from which ihe heights of all 
objects above it are estimated. If the scale of this drawing 
was i of an inch lo £ an inch, and the actual distance 
between the planes of the horizontal curves was equal lo i 
an inch, then the curves would, hi theii order bom the 
bottom, be { an inch vertically above each other. To 
express tliis fact bv numbers, let there be vviil.len upon the 
projection of the curve of the ba^e tbe wpher (0); upon the 
next this (1); &c. These numbers thus ur n u will indicate 
that the height of each emve m its order iU>u\e that of the 
base is J, li &c., of an inch bhe unit of measure of the 
object m this case being hull an un.li. The numhejs so 
written arc mimed the njirwtc cjj uf lIjo curves, as they indicate 
theii' heights above the plane to which reference is made in 
estimating these heights. 

The selection of the position of the plane of coru|>arison ia 
at the option of the druftenian; as lids position, however 
'chosen, will in no respects change the actual heights of the 
points with respect to each other; makmg only the references 
ui each greater or smaller as the plane is assumed at a lower 
or higher level. Some fixed and well defined point is usually 
*p1r«i for the position of this plane. In the topography of 
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localities ncnr ilie sea, or where the Wight of any point of th< 
locality above the lowest level of tide water is known, thi& 
level is usually taken as that of the plane of comparison. 
This presents a convenient starling point when all the curve* 
of the surface that require to he found lie in planes nl/ore this 
level. But jf there are some below ll, as those of the exten¬ 
sion of the shores below low water, then it presents a 
difficulty, a;= these Inst, curves would require a different mode 
of reference from the first In distinguish them. This difficulty 
may he gotten over by numbering them thus (-1), (-2), &e«, 
with the - sign before each, to indicate references belonging 
to points below the plane of comparison. The better method, 
however, in such a case, is to assume the plane of comparison 
at any convenient number of units below the lowest water 
level, so that the lelenmces may all he written with mind-tcm 
of the same kind. 

Ifrferenws. In all eases, to avoid ambiguity and to provide 
for references expressed in fractional pails of the unit, the 
references <if whole numbers alone are w nllen llms that 
is the integer followed by a decimal poml, and a 0; those of 
mixed or broken numbers, ihus (2.30), (3.08), (0.37), &c., 
that is with the whole number followed by two decimal 
places to express the fractional pari. 

PfOjtcliwts vf the Horizontal Cttrcw. No invariable rule 
can be laid down with resj>cct to the vertical distance apart 
at which the horizontal curves should be taken. Thiis 
distance must be dependent on the scale of the drawing, and 
the purpose which the drawing is intended to subserve. In 
drawings on a large scale, such for example as are to serve 
for calculating excavations and embankments, horizontal 
curves may be put in at distances of a foot, or even at lesis 
distances apart. In maps on a smaller scale they may be 
from a yard upwards apart. Taking the scale No. 8, in the 
Table of Seales farther on, which is one inch to 60 feet, or 
fja, as that of a detailed drawing, the horizontal curves may 
be pul in even as close as one foot apart vertically, A con¬ 
venient rule may be adopted as a guide in such cases, which 
ia to divide GOO by the faction representing the ratio which 
designates the scale, and to take the resulting Quotient to 
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express the number of feet vertically between the horizontal 
rurves. Tims fiOO - D ; u gives one foot as the required 
distance; (300 — IB ^- gives 3 feet; 600 — ^igives tW 
half of u fool, &c +1 Jtu, 

But whatever may be this assumed distance the portion of 
the surface lying between any two adjacent curves U 
BUjqiosed to l)e such, that a line drawn from a point on the 
upper curve, in a direction perpendicular to it and prolonged 
to meet the lower, is assumed to coincide with the real 
surface. This hypothesis, although not always strictly in 
accordance with the facts, ajipr >;,iinates near enough to 
accuracy for all practical purposes; especially in drawings 
made to a small scale, or in those on a large one where 
the curves are taken one foot apart or nearer to each 
oilier. 

Let d (Fig* 172) for instance be a point on the curve (3.0), 
drawing from it a right line perpendicular to the direction of 
the tangent to the curve (3.0) at the point d 1 and prolonging 
it to c on the curve (2*0), the line d—c is regarded as the 
projection of the line of the surface between the points pro¬ 
jected in d and c. In like manner may be regarded aa 
the projection of a line on the portion of the surface between 
the same curves. It will be observed however that the line 
a—h is quite oblique vi iE.h respect to the curve (2.0), wheren* 
d—c is nearly perpendicular to (2*0) as well as to (3.0), owing 
to the portions of the curves where these lines are drawn 
being more nearly parallel.to each other in i,ue one case than 
in the either. This would give f >r die portion to which a - h 
belongs a less approximation to ac^racy than in the other 
portion referred to* To obtain a nearer degree ol‘ approxi 
mation in such cases, portions of intermediate horizontal 
curves as x — y — y f &c*, may he put in as follows. Suppose 
one of the now curves y—y is to be midway between (2,0) 
and (3.0)* Having drawn several lines as a —bisect each 
of them, and through the points thus obtained draw tht 
curve £—y, which will he the one midway required* In like 
manner other intermediate curves as jc — z, y—y may be 
drawn* Having put in these curves, the true line of 
declivity, between the point* r and / fui r\ am pie will bi 
i;; 
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the curved or broken line, e—f cutting the intermediate 
curves at right angles to the tangents where it crosses 
them. 

The intermediate curves aTC usually only marked In 
jicriuil, as they serve simply to give the position of the line 
that shows the direction of greatest declivity of the surface 
between the two given curves. 

Prok 122* i faring the rtfaYurrs of a n umber *f points on a 
drawing, as drtrrminetl by a it iitutrumruUd <otrrvy J to rottdrnt'l 
from tfifise data the apprarimatr profit inn of tin ■ fynidisUitn 
[wriffifital curves having whole numbers for rrffmwrs. 

Engineers employ various methods for determining equi¬ 
distant horizontal curves, cither directly by an instrumental 
process on the ground* or by constructions, based upon the 
considerations just explained* from data obtained by the 
ordinary means of leveling* 

Let us suppose for example that ABOI)[Y ig, 178) repre- 
sents the outline of a portion of ground which lias been 
divided up into squares of 50 feet by the lines x —:r* a ,J — x\ 
y —y, &c.* run parallel to the sides A—li and A — C } and 
that pickets having been driven at the points where these 
lines cut each other and the parallel sides, it has been deter¬ 
mined by the usual methods of leveling that these points 
have the references respectively written near thorn. With 
these data it is required to determine the projections of the 
equidistant horizontal curves with whole number references 
which lie one foot apart vertically. 

Having set off a line A—x (Fig. 174), equal to A—x, on 
(Fig. 173) draw perpendiculars to it at the points A and x* 
From these two points set off along the perpendiculars an ' 
number of an assumed unit (say half an inch as llic one 
takdn), and divide each one into ten equal parte. Through 
these points of division draw lines parallel to A — x . 

Cut from a piece of stiff paper a narrow atrip like A—0 
(Fig, 174), making the edge A— 0 accurately straight. By 
means of a large pin fasten this strip to the paper and draw¬ 
ing board at the point A . 

If we consider that for the distance of 50 feet between any 
two points on ground, of which the surface is uniform (as m 
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most generally the ease)* the line of the surface between the 
two points will not vary very materially from a right line, 
and that any inconsiderable difference will be still leas 
sensible on a drawing of the usual proportions, we may 
without any important error then assume the line in question 
to be a right line. Now as the reference of the point a' is 
(2fJ.20) the difference of level between it and A, or the height 
of x above A is 1,70 ft., or equal to the difference of the two 
references. But from what has just been laid down with 
respect to the line joining the points A and x drawn on the 
actual surface, it is plain that the point on this line having 
the whole reference (25.0) lies between A and jc, and that as 
it is 0.50 ft. higher titan A its projection will lie between A 
and a and its distance from A will be to the distance of x 
from A in the same proportion us its height above A is to 
the height of x above A, or as 0.50 it. is to 1.70 fL By 
calculating, or by constructing by (/Wj, 51, Fig. 55) a fourth 
proportional to A — x - - 5U ft,; 1.70 fL — the height of x 

above A; and 0,50 ft. =- the height of the required point 
above A; we shall obtain the distance of the projection of 
this point from A. In like manner by calculation, or 
construction, we can obtain the distance from A of any 
other point between A and x of which the reference is 
given. 

But as the calculation of these fourth proportionals would 
require some labor the Fig. 171 is used to e< 'struct them by 
this simple process. Find on the perpendicular to A— x on 
the right the division point marked L70; turn the strip of 
paper around itsjointatA until the ooge A— 0 is brought 
on this point, and coniine It in this position. The portions 
of the parallels intercepted between A— 0 and the perpen¬ 
diculars at A will he the fourth proportionals required. For 
example, the vertical height between the point (24.50) and 
the one (25.0) being equal to the difference of the two 
references, or 0.50 foot, the horizontal distance which corrca 
ponds to this is at once obtained by taking off in the dividers 
the distance, on the parallel drawn through the point .5, 
between the perpendiculars at A and the edge A — O, Thii 
distance set off along the line A—B (Fig. 174) from A to 
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(25.0) will give the required point In litie manner tta 
distance from A to (26,0) will be found, by taking off hi the 
dividers the portion of the parallel drawn through the pomt 
1.5 on the perpendicular at A> 

To dnd the points corresponding to the references (24.0), 
(25-0), and (26.0), on the line x—x parallel to A —Z?, which 
lie between the points marked (26.20) and (23.30), the 
vertical height between these points being (26.20) — (23,80) 
- 2.90 feet, first bring the edge A—0 to the point marked 
2.90 on the perpendicular on the right, then, to obtain the 
distance corresponding to (24.0), take off the portion of the 
intercepted parallel through the point ,7 and set it off from 
(23.30) towards (26.20), and so on for the other points (25.0) 
and (26.0). 

Having in this manner obtained all the points on the 
parallels to A — B and .4— 1) 7 with entire numbers for 
references, the curves drawn through the points having tha 
same references will be the projections of the corresponding 
horizontal curves of the surihee. 

Jt may happen, owing to an abrupt change in the declivity 
of the ground between two adjacent angles of one of the 
squares, as at h between the point A and y, on the line 
A —that it may be necessary to obtain on the ground the 
level and reference of this point, for greater accuracy in 
delineating the horizontal curves. Suppose the reference of 
b thus found to be (21.50), it will be seen that the rise from 
y to h is only 0.4 foot, whilst from b to A it is 3 feet. To 
obtain the references with whole numbers between b and A t 
take off the distance A—b (Fig. 173) and set it off from A to 
b on (Fig. 174), and through b erect a perpendicular to A— <r, 
marking the point where this perpendicular cuts the parallel 
drawn through the point 3, and bringing the edge A—0 of 
the strip of paper on this point, we can obtain as before the 
distances to be set off from i towards A (Fig. 173) to obtain 
the required references. 
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Invention a l Methods op Hukkkhknting the Natural 
and Artificial Features of a Locality, 


For the purposes of an engineer, or lor the information of 
a person acquainted with the method, that of representing 
the smr face of 'the ground by the projections of equidistant 
horizonUil curves is nearly all that is requisite’ but to aid 
persons in general to distinguish Nearly and readily the 
various features of' a locality, ecru m conventional menus are 
employed to express natural features as well as artificial 
objects, wliieh are termed toj »frQpfn'ral signs* 

fibpes of grtmnd. The line of the sloj^, o declivity of the 
surface at any given point between any two equidistant 
horizontal curves, it has been shown is measured along a 
right line drawn from the upper to the lower curve, and 
perpendicular to the tangent to the upper curve at the given 
jxdnt. This slope may be estimated either by the number 
of degrees in the angle contained luitwmi the line of declivity 
and a horizontal line, in the usual wav of measuring such 
angles; or it may be expressed by the ratio between the 
perpendicular and base of a right angle triangle, the vertical 
distance between the equidistant horizontal curves being the 
perpendicular, and the projection of the line of declivity the 
base, if for example the line of declivity of which a — b 
(Fig, 172) is the projection makes an aug. jf 45° with the 
horizontal plane, then the vertical distance between the 
points a and h on the two curves Wj ' be equal to a— o, and 
the ratio between the per|>emiioulur and base of the riglu 
angle triangle, by which the declivity in this case is esti- 
1 1 

mated is_—, since the equidistant curves are taken one 

’ ah 1 

unit apart. 

As a general rule all slopes greater than 45° or f art 
■regarded as loo precipitous to be expressed by horizontal 
equidistant curves, the most that is done to represent them 
U to draw when practicable the top and bottom lines of tho 
turface. In like manner all slopes less than 0*„53'„43 r ' 
or ^ are regarded as if the surface were horizontal; stiL 
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upon such slopes the horizontal curves may when leqnisil* 
he put in; but nothing further is added to express the 
declivity of the surface. 

Lines of declivity^ dec. The lines used in topographical 
drawing to picture to the eye the undulations of the ground, 
and which arc drawn in the direction of the lines of declivity 
of the surface, serve a double purpose, that of a popular 
representation of the object expressed, and with which most 
intelligent persons are conversant, and that of giving the 
means, when they arc drawn in accordance to some system 
agreed upon, of estimating the declivities which they figure, 
with all the accuracy required in many practical purposes 
for which accurate maps are consulted by the engineer or 
others. 

As the horizontal curves when accompanied by their 
references to some plane or comparison are of themselves 
amply sufficient to give an accurate configuration of the 
surfiice represented, it is not necessary to place on such 
drawings the lines used on general maps, and which to a 
certain extent replace the horizontal curves. The lines of 
declivity in question will therefore be confined to maps on a 
somewhat small scale, in which horizontal curves are not 
resorted to with any great precision, although they may have 
been used to some extent as a general guide in constructing 
the outlines of the map, such for example tin from one inch 
to lUUfeet, or f s r and upwards as far as such lines can 
verve any puq>ose of accuracy, say one inch to half a mile, or 

H I p r - 

To represent therefore the fonu and declivities of all 
slopes, from -J- to ,} t inclusive, in maps on these and inter¬ 
mediate scales, the following rules may be followed for pro 
portioning the breadth and the length of the lines of 
declivity, and the blank spaces between them, 

1 sL The distance between the centre line* of the lines of declivity 
ihall be 2 hundreddiS of an inch added to tit e £ if die denomi¬ 
nator of the fraction denoting dte declivity ^pressed in hurtr 
dredlhs of tin inch. 

Thus for example in the declivity denoted the rule 
^ives (2 -f- V) ” 18 hundredths of 1 an inch for the disUnoi 
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ofihe lint’s. In the declivity of f w F e obtain (2 4 |) 
= 24 hundredths of an inch, 

2d. The lines should be the heavier as they arc nearer to 
each other, nr as the declivity expressed by them is the 
steeper. For the most gentle slope so expressed, that of 
the lines should be fine, for those of ], or steeper, their breadth 
should be 1£ hundredths of ari inch. 

This rule will make the blank space between the heavy 
strokes equal to half the breadth of the stroke, 

Sd, No absolute rules can be laid down with respect to the 
lengths of the strokes, these will depend upon the scale of the 
drawing, the skill of the draftsman, and the form of the surface 
to be defined by them. If we take ibr example the scale of 
tU or one inch to 50 feet, and suppose the horizontal curves 
to be put in at one foot apart vertically, which on the draw* 
ing corresponds to z \ or 2 hundredths of an inch, the distance 
between these curves on slopes of ■} would be 2 hundredths 
of an inch, whilst on a slope of the curves would be 
2 * *4 — 128 hundredths, or 1.28 in*, nearly an inch and 
fine third apart, in the first case therefore if the strokes 
were limited between the two curves of each zone they would 
lie only 2 hundredths of an inch long, whilst in the second, 
if a like limit were prescribed, they would be an inch and a 
third in length ; both of winch would be inconvenient to the 
draftsman, and would present an Euikwurd appearance, par¬ 
ticularly the latter, on the drawing. To ohv o- this difficulty 
then it has boon fiumd woll, on geiillr slopes, to limit the 
length of the stroke to about n kv iis of an inch, and in 
sleep slopes to adopt strokes of the length from 6 to 18 hun¬ 
dredths of an inch. 

These limits will require on steep slopes U) eennin scales 
that, the strokes shall embrace the zones comprised between 
three or nano horizontal curves, whilst on gentle slopes to 
some scab's it will be necessary to divide up the zone com¬ 
prised by two curves into two or more by intermediate curves 
in pencil, so as to obtain auxiliary zones of convenient 
breadth Tor the draftsman between which the strokes arc put 
in, according to the 1st and 2d rules, the strokes of OH* 
taxiliary zone not running into those of the other. 
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Practical applications. Suppose on a zone Irctwoen the 
curves (2.0) and (3.0) that the distance between the points t 
and/ia 1.2 in., or 120 hundredths of an inch, it would be 
necessary according to the 3d rule to divide this zone into at 
least two by one auxiliary curve* Let us suppose it to he 
divided into four parts by three auxiliary curves x —r, y — y t 
z—z put in according to what 1ms been already laid down. 
Having done this calculate by rule 1st the distance occupied 
along this curve by 5 strokes or lines of declivity* Supposing 
the slope to be A, the rule would give (2 + V) - 17 
hundredths of an inch for the distance apart of two strokes ; 
and for five it would give 4 x 17 — 68 hundredths* Take 
now a strip of paper and set off on its edge hundredths of 
an inch, which divide into four equal parts; then apply this 
edge to the curve z—z and set oil'from o top the dots fur the 
five strokes; do the same for the curves y —y, and jc —t, ami 
through the points thus set oil draw the strokes normal ti¬ 
the curve along which they are set otf. 

Where the curves approach nearer to each other, and are 
less than 6 tenths of an inch apart and over 4 tenths, as at 
d —c, it will be well to draw an intermediate line as m—n 
along which the strokes will be set off, and to which they 
will be drawn perpendicularly, 

Lines of declivity put in accurately in this manner, in 
groups of live, from distance to distance between the hori- 
ssontal curves, will serve to guide the hand, in judging by 
the eye the positions of the intermediate lines between the 
groups; the spaces gradually con trading, or widening, us the 
slope, as shown by the positions of the horizontal curves, 
becomes steeper, or more gentle. 

Scale of spaces. When the spaces between the lines of 
declivity have been carefully put in according to the pre¬ 
ceding system, they will serve to determine the declivity at 
any point; and a scale of spaces, corresponding to the 
declivities, ought to he put down on the drawing, in like 
manner as we put down a scale for ascertaining horizontal 
distances* The following method may be taken to construe* 
this scale. On a right lino estimating from the point A 
(PL XIX* Fig* 175) set off H equal parts to each pan 
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beiug equal bay to t \, or a of an inch, Number the puiniai 
of division from o at J, to 64 at B. Construct perpendiculars 
to the right 1 ino at A and B, uud uh the one at A wot off a 
distance to C corresponding to (bur spaces of the lines of 
declivity for the slope of J, and at // for spaces to 1) for the 
slope of Draw a right lino 0— B through the points 
thus sot off Through each of the equal divisions on 
or through every fifth one, draw lines parallel to the two 
perpendiculars; each of these lines, intercepted between 
A—B and (J — D, will represent four spaces, corresponding 
to the slope marked at the points on A—B. 

To find the declivity of a zone between two horizontal 
curves, at any point, from the scale, we take off in the 
dividers the distance of four spaces iff ihe lines of declivity 
at the point, then place the points of the dividers on the lines 
A—Band 0-B so th:it the line drawn between the points 
will be perpendicular to A —J4, the corresponding number on 
A~B will give the slope* Suppose for example the prints 
of the dividers when placed embrace the points m and n, 
the corresponding number on A—B wring about 34 gives ^ 4 
for the required slope. 

Burfhew of water, (P). XX, Fig, 176,) To represent water 
a aeries of wavy lines A< A are drawn parallel to the shores. 
The lines near the shores are heavier and nearer together 
than those towards the middle of the surface. No deflnice 
rule can be laid down further than to mid'c the lines finer 
and to increase the distance between them us they recede 
from the shorn. When the Lmk are steep the slope ia 
represented by heavy lines of declivity The wnlm line is a 
tolerably heavy line. 

If islands B occur in the water course, some pains must be 
taken in uniting the water lines around its shores with the 
others. 

Shores. Sandy shelving shores C are represented by fine 
dots uniformly spread over the part they occupy on th« 
drawing. The dots are strewn the more thickly aa the shore 
is steeper. 

Gravelly shores are represented by a mixture of fine and 
fioarac dote, 
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Meadows. These are represented E by systems of veiy 
■hort fine lines placed in fun shape, so as to give the idea of 
tufts ol' grass. The tufts should be put iu uniformly, 
parallel to the lower border of the drawing, so as to produce 
a uniform tint. 

Mitrshy ground This feature E } E is represented by a 
combination of water and gross, as in the last ease. The 
lines for the water surfaces arc made straight, and varied in 
depth of tint, giving the idea of still water with reflections 
from its surface. 

Trees. Single trees /, f are represented either by a tuft 
resembling the foliage of a bush, with its shadow, a small 
circle, or a black dot* according to the scale of the drawing. 
Evergreens may be distinguished from other trees by tufta 
of fine short lines disposed in star shape. Forests G are 
represented by a collection of 1 tufts, small circles, and points, 
bo disposed as to cover the part uniformly. Brushwood// 
and clearings with undergrowth standing, with smaller and 
more sparse tulte, &c. Orchards as in 0 . 

/faVuZeiSj ravine^ dc. Small water-courses of this kind 
K t K and their banks are represented by the shore lines 
or bank slopes, when the scale of the drawing is large 
enough to give the breadth of the stream. The lines gra¬ 
dually diverging, or else made farther apart below the 
junction of each affluent,. On small scales a single line 
ib used, which is gradually increased in heaviness below 
each affluent. 

Eoelis. This feature L is expressed by lines of more or 
less irregularity of shape, fro disposed as to give an idea of 
rocky fragments interspersed over the surface, and connected 
by lines with the other portions intended to represent the 
mass of whole rock. 

Arlijiftal objects. The above are the chief natural features 
represented conventionally. The principal conventional 
eigus for artificial objects will be best gathered from Plates 
XIX. and XX. 

In most works for elementary instruction, and iu the 
■yfltemB of topographical signs adopted in public services, 
almost e^ery natural and artificial feature has its represent* 



TOPOGRAPHICAL TUtAW'XU 


tive sign. The copying of these is good practice fbr the 
pupil, bnl. for actual service those signs alone which desig¬ 
nate objects of a somewhat permanent diameter are strictly 
requisite; as in culture, for example, rice fields may be 
expressed by a sign, as they, for the most part, retain for a 
long time this destination \ whereas the ploughed field of the 
Spring is in grain in Summer and barren in Winter; and the 
field of Indian corn of this year is in wheat the next, &c*, 
&c, 

I tactical mcOiods, Finished topographical drawings form 
a part of the office work of the civil engineer, that require 
great time, skill, and care. For held duties he is obliged to 
resort to methods more expeditious in their results than 
those of the pen, and the use of the lead pencil furnishes one 
of the beat. The draftsman should therefore accustom him¬ 
self to sketch in ground by the eye, and endeavor to give to 
his sketch at once, without repeated erasures and interlinea¬ 
tion, the final finish that it should receive to subserve his 
purposes* Hill slopes, horizontal curves, water, &c*, <fcc*, 
may be sketched in either by fines, according to rules 
already laid down, or else by uniform tints obtained by 
rubbing the pencil over the paper until a tint is obtained of 
such intensity as to represent the general effect of lines of 
declivity of varying grade, water lines, &e. The pencil used 
for this purpose should be very black and moderately bard, 
ko as to obtain tints of any depth, from dc-p black to ibe 
lightest shade which will not be easily efiuced, The efiecta 
that maybe produced in this mumer are very good, and 
considerable durability may be giv u to the thawing by 
pasting the paper on a coarse cottou cloth, and then wetting 
the surface of the drawing with a mixture of milk and water 
Half and half Every draftsman will do well to exercise 
himself at this work in the office until he finds he can 
imitate any given ground by tints* 

Colored Topography, The nee of colors in topography U 
an effective and rapid method of indicating the features of 
land, and one largely employed* 

The colors used arc indigo, Hooker's green, No. 2 yellow 
ochre, burnt sienna, carmine, gamboge, and sepia* * 
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Water (a PI* XXYIIL) is indicated by a flat tint of indigo , 
it it shaded out from the shore-line, when there is one. 

Grass-land tf> PL XXYIIL) ie indicated by a flat tint of 
green* 

JSandj roads , and streets (o PL XXVIII.) are indicated by 
a hat tint of yellow ochre. 

Buildings, bridges^ and all structures (d. Pi. XXYIIL) 
are indicated by a tint of carmine* 

Railroads ( e. PL XXVIII.) are indicated by a dark line 
of carmine without cross lines. 

OuUivcded land {f. PI. XXVIII.) is indicated by a flat 
tint of burnt sienna; sometimes parallel lines (p. PL XXVIII.) 
are ruled over the flat tint, using for the purpose either a 
darker tint of burnt sienna^grem^ or, more commonly, sqria. 

Uncultivated land (A. PL XXVllL) is indicted by a 
double tint of burnt sienna and green* To lay a double tint, 
prepare the two tints in separate saucers, then using a brush 
for each tint, cany one color for a short distance upon the 
surface, and then cliange for the other color and brush, letting 
the colors join and blend of themselves; alternate the tints 
iti this way until the whole surface is covered. Avoid any 
regularity in the mottled tint obtained. 

Hills {L PL XXVIIL) are indicated by a tint of sepiuj the 
depth of the tint corresiwtiding to the slope of the land, being 
darkest where the slope is greatest, and becoming lighter os 
the slope decreases. The sepia is laid over the land tints. 

Trees (A. PL XXVIII.). There are a number of steps to 
be followed in indicating trees. 1st, Jay the hind tint; 2d, 
pencil in flue lines the outlines of the trees ; 3d, tint them with 
green y making the lower rightrhand part the darkest; 4th, 
touch up the trees with gamboge upon the light side (the 
upper left-hand); 5th, add the shadows of the trees with sepia, 

Marshy ground (L PL XXVIII.) is indicated by water and 
grass laud so arranged that the position of the patches of land 
shall be horizontal; draw a shade line of sepia along the 
lower edges of the land* 

Right is supposed to come from the upper left-hand corner 
of the drawing; hills are shaded without any reference to the 
direction of light; only the shadows of such objects as houses, 
trees, etc., are represented ; sepia is used for shadows. 
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For the method of preparing and using tints, see the chap¬ 
ter on tinting. 

When making a eulored plate, first pencil everything, then lay 
the flat tints, then touch up the trees, then the hills and shadows 

The division lines between fields and all outlines are ruled 
witli sepia. 

For peu drawings the draftsman should always have at 
hand a good supply of pens made of the best quills, with nubs 
of various sizes to suit lines of various grades, fi>r sIo|ies, &e, 
11 is ink should he of the best, and of n deeidod tint when hud 
, n i deep black, red, green, &e. 

The breadth of lines adopted lor different objects must 
depend upon the importance of the object, and the magnitude 
of the scale to which the drawing is made. In drawings to 
small scales lines of not more than two breadths can be used, 
as the fine and medium. For those to larger scales, three 
sizes of lines may be introduced, the fine, medium, and 
heavy. 

Similar remarks may be made on lettering and the size, 
&c., of borders. To letter well requires much practice from 
good models. The draftsman should be able to sketch in by 
the eye letters of every character and size without resorting 
to rulers or dividers; until he can do this, whatever pums he 
may take, his lettering will be still 1 and ungainly. The size 
of the lettering will be dejjendcnt upon that of the drawing 
and the importance of the objects The eba L| ;ier is an affair 
of good taste, and is best left to llm skill anti fancy of the 
draftsman ; for arbitrary rules cannot done suffice, even were 
they ever rigorously attended to. 

As it is of some importance to obtain the best effects in 
drawings which demand so much time and labor as topo¬ 
graphical maps, it may be well to observe that, in pen 01 
line drawings, it is best to put in the letters before the lines 
of declivity, water lines, &c,; as U is less difficult U> put in 
the lines without disfiguring the letters than to make clean 
*nd well defined letters over the lines, 

Tne border of the drawing, like the lettering, is frequently 
% fancy composition of the draftsman. It most generally 
tourists of a light hue on the interior and a heavy one on thf 
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exterior; the heavy line having the same breadth aa that of 
the blank space between it and the light line. As the bordci 
is generally a rectangle in shape, the rule usually followed 
For proportioning its breadth—which includes the light line, 
the blank space, and the heavy lino—is to make it the one 
hundredth part of the length of the shorter side of the reel- 
angle. 

The title of the drawing is placed without the border at 
top when it takes up hut one line; when it requires several 
it is usually placed within it The greatest height of the 
letters of the title should be three hundredths of the length 
of the shorter side of the border; and when the title is with¬ 
out the border the blank space between it and the border 
should be from two to four hundredths of the shorter 
side. 

To every line of topographical drawing there should be 
two scales, one to express the horizontal distances between 
the points laid down ; the other a scale to express the slopes 
a 0 in Fig, 175. The scales should be at the bottom of the 
drawing, either within or without the border, according tc 
the space unoccupied by the drawing. 

Finally every drawing should receive the signature of the 
draftsman; the date of the drawing; and state from what 
authorities, or sources compiled ; and under whose direction, 
or supervision executed. If emanating from any recognized 
public office, it ought also to be stamped with the seal of the 
office. 

Stales of distances. In our corps of military engineers, for 
the purposes of preserving uniformity and attaining accuracy 
in the execution of rnnj>s and plans for official action, a 
system of regulations is adopted, to the requirements of 
which strict conformity is enjoined on all in any way 
connected with those corps, proscribing the manner in which 
all objects are to be represented, and the scales to which the 
drawings of them shall be nude. As the Iasi point is the 
result of much experience, and may save the young drafts¬ 
man much time in the selection of a suitable scale for any 
given object, it has been thought well to add in this place 
the following Table of & ales, adopted for the guidance of 
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TABLE OF SCALES. 


&*» [ PUHtTUri OP THt Scj.1,1 1 Ap?LT(!jTTQN {tF TKP 


1 

1 inch to \ an inon, 

1 inch to 1 inch, 

b 

2 

I 

1 inch to 0 inches, 

*• 

4 

1 inch to 1 foot, 

tV 

5 

1 inch to 2 feet, 

A- 

9 

1 inch to 5 fei-t, 

lV 

i 

1 indi to 10 feet, 

1 

t!t- 

8 

1 inch U> 50 feet, 

12 inches to 200 yards, 

fir- 

9 

1 inch to 220 feet, 

£4 irudies to 1 mile, 
tAs- 

10 

1 inch to 440 feet, 

12 ruches to t mile. 

* ]ji 0' 

n 

1 inch to 8H0 feet, 

8 inches to 1 mile, 

TtfiTT- 

12 

1 inch lo 1320 feO, 

4 inches to 1 mile, 

19 

1 inch to 2040 feet, 

2 inches to 1 mile, 

TT+TB 1 „ 

14 

1 inch to 52B0 feet, 

1 inch to 1 mile, 
Fiiftf* 

15 

1 inch to 10560 feet. 
£ an inch to 1 mile, 
fttVti' 


: iMaiU oi fiui veyiug instruments, Ac t 
I when great accuracy i« required. 

All models for masons carpenter*, 
Ac,; und for tint drawings of small 
objects requiring the details aoou- 
TiLU'l). 

Machines and tools of small dimeu- 
sioti% as the jack, axes, saws, Ac.; 
hangings of gates, Ac-, Ac. 

Machine of mean size, as caftans, 
wind lilies, vehicles of transports 
tion, Ac. 

Largo mad lines, as pile engines, 
putups t Ac.; details of arrange¬ 
ment uf stone masonry, of car¬ 
pentry, Ac. 

Can n\ 1 nek, seal! < >ldi ti gn, sepa rritje 
drawings of lighthouses, buildings 
of various kinds. 

General plans of buildings where 
minute details are not put down. 

Sections and profiles of roads, canals, 
Ac. Maps of ground with hori¬ 
zontal curves one lifot apart, 

Topographical imqin comprising one 
mile and a half square, as mi]Kulant 
purl* of anchorages, harbors, Ac. 

Topographical in p.- rmbiacing three 
mill s square, 

Topograp. «al maps exceeding four 
and wiilmi eight miles square. 

Topographical maps embracing nin* 
milc^ square* 

Maps not exceeding 24 miles square. 


Map comprising 50 miles square. 


Maps comprising 100 miles square. 
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the Corps of Engineers. The first column of this tahlp givct 
the unit of the drawing which corresponds to the number 
of units of the object itself; and under this the vulgar 
traction which shows the ratio of the linear dimensions of the 
drawing to the corresponding linear dimensions of the 
object For example, at No. 8 of the Table we find for the 
designation of the scale “one inch to 50/*£, or 12 itches to 
200 yards" and below this the fraction this then is 
understood to express that the distance between any two 
points on the drawing being one inch the actual horizontal 
distance between the same points on the object is 50 feet; or, 
if the distance between two points on the drawing is 12 
inches then the corresponding horizontal distance on the 
object is 200 yards. In like minner that every linear inch 
or foot on the drawing is the part of the corresponding 
horizontal distance on the object. 

Copying maps, die. As the topographical sketches taken 
on the ground are to serve as models from which the 
finished drawings arc to be made, either on the same scale at 
the sketch, or on one greater or smaller than it, the drafts* 
man must have some accurate and at the same time speedy 
method of copying from an original, either on the same, or a 
different scale. The most simple, and at the same time the 
most accurate and speedy in skilful handw, is to divide the 
original into squares, by pencil lines drawn on it lengthwise 
and crosswise; the side of the square beingof any convenient 
length that will subserve the purposes of accuracy, Having 
prepared the original in this manner, the sheet on which the 
copy is to be made is divided into squares in like manner; 
the side of each being the same as that of the original when 
the copy is to be of the same size; or in any proportion 
shorter or longer than those of the original when the linear 
dimensions of the copy are to be in any given proportion 
shorter or longer than those of the original. Having pre 
pared the blank sheet in this way, we have only to judge by 
the eye, when it is well trained, how the different objects on 
the original lie with respect to the sides of the squares on it; 
to be enabled, by the hand, to put them in pencil on the 
blank sheet. After roughly putting in the outline work in 
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this way, the corrections of inaccuracies can he afterward* 
readily effected* All the outline having been completed in 
pencil* the labor of the pen is commenced* and the details* 
as lines of declivity, conventional signs, &c. f are put in by il 
alone* 
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PREFACE* 


Thm revised edition has been enlarged by the addition ol 
the chapters on Tinting, Shadows, Shading, Isometrical Draw¬ 
ing, Oblique Projection, and Perspective. The chapters on 
Drawing Instruments and their Uses have been rewritten and 
much new matter added; while some changes and additions 
have been made in the chapters on Projections and Topo¬ 
graphy. 

It is hoped that by these changes the hook will prove more 
useful in the class-room, or as a guide for self-instruction. 

The cuts of Drawing Instruments used in this work, 
marked JT. db E* in the table of contents, have been kindly 
famished by Keroffel & Esser, No. Ill Fulton St, New York. 

D. F. T. 
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I ^lIitT-. Si ■hot L'on-.[rm Non . 3 LJM h 

Sl-k-it Ik"-Ljjjt . ... iJiinf, 2 (IO 

l 1 aridiL!n , -> Dt.[m i^d uf >[111111 113ll1 RiSim 1 . - . ^Vu h 2 (HI 

Fatton's Trv.ili'.u un Cml I'ingitutuitK - - Sm, lull I 'lHm. 7 31 

Rl-trS^ x IVi[mgr.i5iliiLal Dr.iU'mU ,mJ Skflilnng . . . Ito. 3 (HI 

Ride il's Sei\u*iL L .uid lliL L D.KtLTuLl FuriliL'.ilum of Si'UattL Smi, A (HI 

RimntT's Sh.il L sinking muii r Difln nil CundiimTi ^ (Gnmirig mid IT' It i X\ u. 3 Hi) 

Slt'Eicrt anti Tbgt'm Jlridi ftl Sunn mttmg ami M.lsimrv . K\m f ] /jJI 

Smiths Mai’.,ml ot'l(i(M t gra| ilu. ,l 1 JjraKiuj; (Me Mil hi u I Svu F 2 7ril 

SnyiFT's Air mvl Vi nliadv-n uf Snliv.ay’-. ■ - I2ui». 2 IHI 

* Trac>L Exl-u in Svirveving . .. I2.no. umr | IH| 

Trat-y's Haiw Surveying . Itlmo. mor r J DO 

* Trauitt'tTLC's t ’ IV L F.ii| J ii]t t L t ’m Flu ket Sunk .lEirtM, ulor. 5 00 

Venable's (Jarbuge GmivLionfs in Atm tn a..Hvu, 2 (X) 

Mcttludi aitL] DuViul-^ lot Datlcrj.d Trcutiuujit ul SvWlLJ^. iivu, 3 TO 

0 
















Wui'i; Bntfnwrmfc and Arvhitivhitat Jurisprudence..., h . T . ftvo r W U0 

, siwfi, rt fit) 

Law (if Ccintrart*. . . Hvn, 3 00 

Law of CiKrations I'n'iiminarv to Coi^frin Lmn in Kdipnirrmn and 

Anhitceturc...... hvo, ti 00 

She'll, A .'llI 

Wamf'fi ‘s Stpr^oltiiiiv—l'ToMetllft in Stonr rutfinu .. . . .. S\n, 2 AO 


* W^l^bury s Vcst-l’^kct Hand bonk uf Matln.HiL.ULL n W EnKLrirrrs 

li" ■ Ai Itiffir.. irinr 1 d(J 

Wt L bb’n Problem's m lilt Uwi r and Adjustment uf l-ln^mrerinj; I iv-Tr"iin , ni L - 

Hiilmj. tHLir 1 2ft 

Wilson'f* Toph^raplLK Surxrvinc....Mu. ;{ fiu 


muiioi*;s andjwips. 


Roller* s l 1 ran l iral TreiL'isn on i hr 1 'nn^tnn Mon of 1 run IR/tlni a i L lb n^v., S\,., 

* Tli.um liner E!ridv Lr .. (HolpMi; imim, 

Unrr ■ i j ll E f'.dk s I Vsi t'lt ,ull[ sn ■-. I. TI fee In m of Mel .lIJil J Sri' Ejh - Vyi. 

Inti'.i m e Lliip ]ijf J'rnUn' uvl UiKjft’in ■■ alion- . Vvh., 

Ibi ISh jq-.V(T hail]' iiE Lrij'iui i imp 1 \"r«■] 1 J 
r i""n -:11 T-i■ mi W'lfriUn 'I t< - r Il 1 Emk e . 

Enu L) r"-. I *nlm.i 1 *\ Ct*; 111 ' [.■ 1 n in^ 

Grei’iii \ Ai i In ■. jn \Vfnj !, ] nm, am] Sidin’ 

UtL'i^L- 'L Jii "< - 

K r M J f 't r ll c ■ . 

firm 1 mV Si l i hl'lM \ Si!*< ■ .i- n 1 lb lPj'l' '[ [n --l 

flL'Ili i 1 Sir<- sr- i:i M i lh 11 in - „lii.E IIll l At l ihjiiuml ihj■ Ml'I iim ,l 1 nTi 
JJowi n 1 ti sinn d 1 'Sii’i| il Ehm. f tr ii 1 '-.l's lti U'hjihI anil Sin ] 

Si JlU|H ] [ l( Lti Ml( .' 111 ' ■. ,\t* tn . , . . 

Tri',s 11 4 uii .Vi 11 r ■ ., , r 

Johnson, ilrmn and r J nrriH ,ll;(l' s f j Jn-nj-v ;ltlh \ I'ch-iki* m lIh 1 >i u:nnn r ol 

Mf.'r r:i ]-’e .ltu t ■ 1 SI run Mirr > . . T r Small 4 io, 

Mfrrnn.iri .mi] I.n uln - Tl \1 1 ir mj k oil lMoS uml Ibidfs . 

|\ h rt 3 MLr-.-r--.nl Stml.It- Trusts. 

I'- 1 t| ] 1 < .r 11 itj|L. Si ii m. 

I 'hLJ tiff rttldjn, ] Jr L Ll'Tl 

Furl IV Ili^'ln I Sirin 1 uri' ... . . 

Mnnsuri s M'-n.|ihi 1 Ip^ m 

KthkIi'i 1 LkL'i’ (.i■ l 1111 ll SL.Hm n mill ApiL L in niln>ns to 'I Til -■ 

Arn iii." - 

Wai)iL( IW ]>L J ULliliiL - I'.IL I,. ■ lirKik In’- MriiH-r linfimU'r' 

* S|jli itkL ail'.n h>r Stri, Hudn '■ 

WaiUUll and Marring rum - Jbnlj," Lnj'iim^nn- (Eti 1M t-aninm ■ 
Wri^hCt Ih If'iallj' ot ]li,(V - |inns Twrj p.n I.-l m "M' M.I'.UHl'. 


..H JS-. 

P 11'H 

Mu, 
r Mil, 


SVs 

Sll. s 

Mhi. 

Mh,, 

>Lll, 


.... Mm 
. a. n t 

.Mu, 

. S' ll. 
E Jfilorif.; |N 
[k mis. ,iti-! 

Si ll. 

inn.. 

. .lJlULP, 


'* Ml 
A (IP 
A nil 
r t mi 
in HLF 
7i MM 
:t Ati 

:i ap 

^ ,'l £ ‘ 

L JA 
L J ftp 
;t fit] 
^ OP 
^ Ad 
I (IP 

in O0 


J Afj 
J All 

jp IlHJ 

J III 
d EHI 

,7) 


nVl>li Al’LK ■ 


T!Firnc“ 7 Th f EoTma 11' it- ^ 

bit711 l' s L\]ifiimmC . LJJ»||I 5 til- L .!]■-(rtH non nl lS- i.i-r - 1 \ r Uti t .m y 1 r niu 
mi tiriln l i L't.-hiuiuh 1 . , . . S o. 

Kli \ m S Tn ,l Msu mi fUill.Liilli- - ^" 

Churl ll'-S l>i.t]!r,Lin- h il Ml all Vi Lm H -'1 \V;H.-i in I .. . li-nim Ls 

fH jLi mp; lit', 1 ili-f"T, 


Hv Lira n ki Mol nr' 

Coffin (iraidiK.d SilLum.ih ui Ilnir.nihr ]Th4i|lhjl. 

FlatWs Di’iiaiLimncl l l l .lint ilia HiMMiirrm Ml U f 

Folwidl's Watil sliHiH JinKitKH'Tmn 
FriKcll's WnfiT-innur 

FuwtfVs Wflttr and E h uM(‘ 11i-.ilth . . ■ - 

’Wntcr-filtrAlum ’WlitV. . - — 

GanjuiUfi tind KuttcrV (lemTal PormnLa 0^ du 1 iMirm Flew df UaitT .. 

ltjvurs anti Ollnrr Ctiaiim*!^ tJWifc and 1 rant wine }.Mi 
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Clean Water and How to Get It .Large 12mo h %l 

Filtration uf Public Wattr-supplies.*.Svu, 3 

Kazelhun-t'-; Toners and Tanks for Waterworks .R™, 2 

JiernchclV 115 iixpwijtieutscin the Curving Caiwcity of Large* Riveted* Metal 

ConduLts.-.ftvo t 2 

Hovl and Grover’s River .ftvo, 2 

Hubbard and Kiprsted's Waterworks Management and Mam tenancy 

Hvo, 4 

* Lyndon's Ucv^lujimml and Eh-cLricid Didnbiiiioti of Water l’wcr 

8vo. h1 

Mason\ Waler^upplv (Considered Principally from a Sanitary Stand- 


iKHnl } . r . . . r . .fiVO. 4 

MerriTTian’^ Treatise on Hydraulic r Kvo, ft 

* Mo[(lL»r\ Hviraiiiu-suf Rivers, Wurf ami Klunf.Sv'it, 2 

* Rh hm 1 1 *'s LulintiLlury Nulfi on Indu'-lml Water AnahMi. tfvii, 

Schuyler's Reservoirs for Irngalum, Water power. and Domestic Water- 

supply Sivfjml Edition, Revised and Enlarged .Largo fivo, G 

* Thomas and Watt's ImprovmK'nl of Rivers..4to, 6 

Turnr.iurt ami RusseJE's PiibliL Water supplies. . r ,..Sen, ft 

Wcgtnatin ^ Design and t’lni'.mictmii of Dams 5th Ed , enlarged_ 4U>, li 

Water-Supply of th* City of Ww York from |G. r iS to Htyft.4to, 1(1 

Whipple's Value of Pore Water.. .Large l2uio, 1 

Williams and Razun’s Hydraulic Tables . $vn, j 

Wilson's Irrigation Engmisfrrmg.Svo, 4 

Wood’* Turbines.*.*...3vo, 2 


MATERIALS OF ENGINEERING, 

Raker's Ttnadd nnrl Pavements. . .ftvo h 5 

Treatise on Mavinrv Construct ion.Nvo* Ji 

Black's Cm led Stales Pub! u Works .Oblong dtp, A 

Blanchards Bituminous Road* (In Press \ 

Bleinuiger\ Manulaiture of Hydraulic Cement (In Preparation ) 

* IRjVcv's Strength of Mitten idw and Theory cjf Stnu lures.Svo* 7 

Burr’s Elasticity and Resistance of the Materials ot Engineering.Kvu. 7 

Byrne's Highwa y C oust rue tin n.fcvu , 5 

I reflection of the Material s an d Workman.hi p E inplnycd in Construction. 

lftmn, 3 

Church's Mechanics of Engineering...* r ., . ..Svo, 0 

Du Hob's Mi^’hftnicS nf lvnginetnnGr 

Vol I Xinematir'-S, SLatirs, Kinctieit,,.„. „* Small 4 to, 7 

Yul II. Thp Stresses in Framed Structures, Strength of Materials and 
Theory uf Flexures. + .Small 4to, 10 

* Eckel's Cements, Ltmea, and riaMer!.,.*. T .8vo t 6 

Storf anri (lav Ptmlurts used m Engineering. (In Preparation.) 

Fowler ;; Ordinary Foundations. + *. +.... *. . . + ftvo. ft 

* Greene b Stnn lurul Met harm s. . .Svo, 2 

* J follry's lasid ami Zme PigmcriEs,.... *+*■+,,,* .l^argc Kfmo, 3 

Holley nind Ladd's Analysis of Mixed Paints, Color Pigments ami Vamidai 

Large llhno* 2 

Johnson's (C M ) Batik! Methods for the Chemical Analysis of Sfiw ial Steels, 

blecl-inakiug Alloys anrl <■ ra.]ahitit.L^rfje l3ino F 3 

Johnson's {} ti j Matcrwils of Cnnstru; tinn, h ..*.Large Hvo f ft 

Keep's L'an Lun. . .. ... Hvo, 2 

Lanza's A^phed M*cHank’s. K\v Jn 7 

Meuit's Modem PiKments am! their Vehn lea. . . 2 

Marlcn&'n Handbook on Testing Materials (Henning, j 2 vuls.. L , T , „ Kvo, 7 

Maurer s Technical Mbchames .. . .hvo, 4 

Meniirs Sumts for Building am! Lk-roration. T .. .Svo h ft 

Merriman's Mechanics of AlnlcnaLs.... . .. .. Hvo t ft 

* Strength of MateriaR - . . . . ... h + . l2mo, 1 

Metcalf's Steel. A Manual lor StiHil-users. *,,.,, + _ _l2mo, 2 

Morrison's Highway JCnginroriug ... H Svo h 2 

Patton's Practical Treatise mi Foundations. . .. + .,,., + r .. *.flvo, & 

Rice's Concrete Block Manufacture...„8vo, 2 
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Riehard*w)n'<; Modem Asphalt Pavement? . . „ , $3 00 

Undid y\ UuilihUH Foreman't IWket Hi wilt awl Rertdv Rjefereruc 1 Ginn, mar 5 00 

*( oincnt Worker?' tim! Plasterers' Lditmn ^EludUm*; MnlmnuV Kt^ilv 

Ucf(Tiitn.i Series) IKtiinj, i[] 0 r J GO 

llanillii^k fur Siipermiendeuth. iif Construction Minin, Timr 4 (10 

* Slone ami Prick Masons' Edita iti (MccIuthv'.' Ready 

UrfrTVTKe Sern -,1 . |fli<u> ,u Hjr 160 

* RioCs Clays Their (k i ut-rcnc!', Properties, and Uses Hv< ( , 6 (10 

* Ries am! LcijiMmCs History uf ilie Clay-working ludusm- uf iIlu I'miid 

State- Svhj L 1 GO 

H^lIhil s | rl-Just rial and Arll'-I K Tithmjlnuy iif Paint EML^L Varnish n, 3 (HI 

KthhIl's Strnifitli of Material . „ l^im, 

Snow's Pnnrip.d Sfrt'L H-. of Wool] , . r Kyo, X f,[T 

Spalding's Mvdraiilu Cem-mt . r ., 1 ... o (H) 

IrXt-luMiJi on Rcsiils und Pavements l_‘l[io, 2 (Ill 

r !rolor ami 'I'bnmp'din -. Tri'Lili 1 *' tut Cmurrle, Plant ami Keinlnn ed Svn, G (HI 
Thursinn's Materials <>f Kiijt»n'(.Tiiij£ Fh Three P L Lrt, . ttvu, on 

Part l NuTi-nitialSu Malenak t>f Eru!inceni]|; ami MetalLur^y r Hen. 1 mi 
part J! [mri and Sled . Nvn, d All 

part 111 A Treatise on Hras-HmiUCs, tmd Oilier Alloys anil I heir 

Const it l lent', ■ ■ , , Wni, 2 GO 

TiUseim'* Street P.iy emmls .tinl ] ‘JIv Irj^ Maloi-ds l . .Hy u . I (JO 

Turn cm i re ami Maurer's Piuu iplrs of Kt it mn ( • I I'uik rely Cnflstrili HUH, 

Sen mil 3Edition. Revise] arid knUr^o . Hyo. 3 60 

Waterbary s Cement l/ilniMtiiry Manual . . . . . i 1 (id 

Wind's fl ir L V > Treatise on the k e«n si auee of M ucri.iK ami an Ainn-ndix tin 

tile I‘reservation id Timber , Svo, If (HI 

Ww>h!'? (M I’ j Rustless Ci)Liriil(Ji Cm rosl^n iiml Kiel ImI of iri>n and 

Steel .. .Svo H 4 <w 


RAILWAY lTNCiINlyKRING, 

Aiulrnv h s Urmdlujok frp* Street Railway Engineers 3\5 inehgs. ntnr, 

Jlyr^' . ESuiMiL^r- aml Sinnliucsuf A merit an Kai Lru.nl s .. , Itcj, 

Urociks's ILindt«mk nf Street Railroad Lu£ a|nm IGum. i]mr 

Pill l L . s Civil Fiipuneer"'. Field ImiuV , ... lGlnu, timf. 

Crandall Railway iiTi-1 Other Earlhwurk Tables Svo, 

Tr.iiisilum Curt c r . . I (dll”, Ulur. 

•CrokketL ■. Mrlllmls fur Ljrtliwnrl* C, u up l! I,Cum , Myo. 

Dredue'-. lliniiirv ipF I lie Pcunsylvama R.uliotnl (1S70j. . Pa pel 

Fisher’s Table tif (Xlm Vj r il. , . r . ( arilUifitd 

lioilxt111 ■ ILailr J h nl Ktwiijh i-i Pu'l'l Irimk ami K^plnfiT',' (mule ltllllO, IJ'fiV, 
iJlidson'- Tallin l£ir l .lit LllalMr Lin- Culm t oil ten Is m| Lay av at Mins ami ]>1- 
li.iliktncnLs , Kvo. 

Ives and 1 Lll-.x ]'nil dei 11 Sill Survr) in^, R.tdroa.l SniVC} n^' ami Oendesy 

l (into, mnr 

Mnliior arul Jli'.ird's Manual tor Residcm Esup'ni-er lGmu r 

N.iHleX Field Manual f,,r ICulroad Enfiiticir U>m*. iwnr. 

* (Irn n'k s RailtOLid 1st rm turr“. aid KsLinuHe u, 

PI ill lira k’-n Field Muutiai for Riij;ineetH . Ltjnv-. Uiur. 

Kat nmnd"' Kailnuid KumtieenuK 

Yul l Rail mail RiHd (bt.'nietrt Un Fre| '.o.on l 

Ybh[ II KkllUtlPb [jL kaitrn.id Fnftnieenu^ Kyo, 

Vol III k.ulro.ii] l-uffLueiT's Field Hook 'll! J h rn ] ratal ion i 

Starles s I’n-M lin^inet.TiTiU . T 1 Alllfj, ITHir. 

Railroad Spiral . * ’ ’ . , l«mo. nmr. 

Tavlor's PiiKiujid.il Fonmdj? an'! r.rLUwnrk .* V(J > 

*f™it wine's PteU Play line oi L^MM|£ J kit ( malar 'urves lor KadmarK 

1 limit, nior, 

* Metllml id Cakulalmi; Hlv Culm CnntLHI- of l\i.iv r Llu:Tis and Lnt- 

baukuients hy the Aul of l luitrams . , - - Hvu - 

Wehb’s lis’tinoruu s of Kailrcad CMnstriiLtiou.Liir^ limo, 

Rjn lnrwd Con struct mu , - - . .. lOmu. mor. 

Wulliit^lon's iikonomic 'Jlie^ry of the Lul.iLioh hjT K.always Lar^e 12mo, 

Wilsau'b ISlciMiih pi Railroad Track an It onstrus.ion. 
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1 50 
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j 00 
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] 00 
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A 00 
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3 00 
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2 00 
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5 00 
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DRAWING. 


Bair's Kinematics of Mai Kinprv .♦.*.(too, 12 60 

* Bartlett's Mrehamml Praw inj- ., . . .Svo. 3 00 

* “ Hl " Abridged Ed.flvn. 1 50 

Cootid ftp's Manual of Prawimi: .&vn, 1 (10 

Coolidgc amt Fryman's Elements cif lirntT.il Drafting for Mn-hamcu] Engi¬ 
neers , . . , .Obltmjr 4\n, 2 50 

Dujlry's Kin mia ties of Mjwlnnrs .Rvt>, 4 00 

Bmrh's lmm^union to Pmjti live Lemuel ry and its Aiinlieutinn.Svo, 2 50 

FrnH’h and I vr^' KliTfoliuny r .+.8vo, 2 50 

Hill's TlX(- 1 i[i<ulc on Shades :md Shadows. and I^ts[ irrlive.ftyi\ 2 00 

Atlviuiffrl MrdiaTinid Drawing .Hvd, 2 00 

Elements nf Mechanical Drawing. Rvo h 2 50 

Juufs's Marhuii- Ik-agri 

Part 1 ]\jfinnaln s of Mat Inn try .Rvo, ] .V) 

Part IT Form, Strength, and Pruiinrliuns of Parts.Svo, ,1 00 

KLmlifil] ami Parr's Jibuhinr Design fin Pres-, > 

MaeCord's Elements of Drscritiuvp Loomidry.Kvo, 3 HO 

Kinematics, or, Practical Mi-chamsiv. .*. , .&vu p 5 00 

Mechanical Drawing........ 4tu, 4 O0 

Velocity Diagrams . .*.tfvu, ] 50 

McLcort's ll<Ni'npt'M’OtTmielry ....,l,£irr,r 12mo, 1 fio 

* Malian^ De-sc rip it in: Lenmttry and Stone t sitting .*.fivn, 1 50 

Industrial I Iran me ('J’liomisson f . . . . . fiyo, ,1 50 

Moyer's Dts*’np[n c (lvonu?m r .. . . . * .H\u, 2 (10 

Rwd's T(J| | f'EM]']iu ul Draw in ft arid KL cb. hi n ft ,,,„.„ „ T ftn, 5 (HI 

Knd\ CnursLMTI Mechanical Drawing r .Hsn, 2 no 

Tc\i (if Mi'thann allirawmK imil Eli-mpnLiry WarTuna Dfsini , 3 00 

Rot Huron's I'nm iples of Mnhani^m T ....hvn, 3 00 

SchivaTuh amt Morrill's ElumniK of Median van —.Rvo, 3 00 

Smith (A W ) and MruVs Madnne Design .ktn L ,1 (Ht 

Smith's (K S ) Mliiui.iI <>f Th^h^I'IV^J'-.lI Drawing (Mh Milhui) , K\u, 2 50 

* Tilsnurlli's iLliniriits of Mh harm .il Draw mg. Otil[ini[ Sm. I 25 

WaiTen's Dmltme Instrument-, and Osmium 1 ,. . , ... I2nu>, I 20 

EIliiu'iiLs nf Dl-s( tifilivt: rieomclrc, Shadow^ anu Pefsiieclito ^\i>, 3 30 

EtPmrni'S aJ Machine: CoTistriu inu] and Draivme.fLn, 7 On 

Element^ of Plano and Sufnl Free-hand G™inctri( at Dniiiirf: L 00 

Gonoral Proldrius uf Sliadn ami Shadow. , .Kui t 3 00 

Manual of Jilcnu’iUnry Pruhlcnis m the Linisir Pirspcrtivc nf I ? orms and 

Shadow.12tin i h 1 00 

Manual nf KlurucntEir} PnjjcniaTi ] it.Lwm^., . . 1 u.i F l 5i) 

Plane PinbJ phis in LUrnrnt.iry (iodiiiftrv.Pjmn, 1 25 

T'rutdems, Theorems, and Exami-h- 1 * m Desenptive fleonitiirj 2 50 

Woislaaich'^ KineiualiLS nml Piuier erf Transmi^mti fHermann and 

Klein i, - Nvo, 5 HO 

WHmihi's (H J| ) Tii]niKmi'lnt: hurvt'nini:. Wvo, 5 50 

* Wilsm'h fV J ]’ } Dcstni-livc ticDUU'lry.Hui r I flo 

FYet-hiitid Lr'irnne . . ..1 00 

Fret-hum] P[*rs|hC*uvp. fivft, 2 50 

Woolf'3 Eluiocnlary Couir^u in De&cnidiyo (Kynncfry.Earfie 8vo f 3 00 


ELECTRICITY AHD PHYSICS. 

* Abegg's Theory of Electrnlytic lJi^wiation fvan Emle )... t >l2nto h 1 25 

Andrews's Hand-btmli far Street Railway Enfjnireniig., . :iX5 indict, nror. I 25 
Anthony mnd BratltKf’s Text-boik n[ Ph\sn.i > . .Large 12mo, 3 00 

Anthony and Ball's Lcttiire-notes on the 'llictiry id Electrical McUsure- 

menlfi..l^mo, l 00 

Benjamin's History of Electricity. -. . Hvo, 3 00 

Voltwc Cell.-.*.*.Svy, 3 00 

1U 






























Hetts\ Laad Refining and Electrolysis, htl «„ ........ r ,. Svn t |4 00 

Classen's Guanmativc Chemical Analysis hv Eketrolvsis iHoltwood ) Stvo. 3 ml 

* Collins's Manual uf WirelesR Telegraphy and Telephony.. p?ino F 1 50 

* Mor. 2 00 

Crehore anti Rimer's Polarizing Phnlo-ehrunoffraph . Kvo, 3 mi 

* HamiL-ri\ EleetmchemistiT (Mem am ) .. lJmo. l 25 

IlawBin's^ Ennmepnnj: 1 ' and Eiretnr Tr&eiHin Pru Iter Imuk . Kin to iilot 5 no 

llulmli'k's Thtor^ [jf the l/ail At i nmnUlur l L Sl(ir lL^jo ISnt lery j. yon J’Iti 1 3e ■ 

l-'lno, 2 50 

HulMin's Thcnnoilvnamies ami Chemistry ilturges-i i r Hu,, l 00 

FtalWs Dyii.nnomeurs, and iht Measurement id Cower L 2 ='ilp a po 

Cet man's ItUrndiK tiou io Phvsn.al btidii e. , 1 limn, 

Hilbert's ]>e Maj-nete tMuttelayl . Sm, nt) 

* HanrhHCs Alternating f urrc-nts „ . . l2mo, l (hi 

Henna's Ready RelVrrrue Tables U’linu'iMiin RuInTsI ... Jfin:o 1 M»I 2 50 

* Hobart and EUls's High speed 1 1 S'n lLttl-ti Elis 1 m M.iebmerv. . s^. 0 00 

Holman's Fretision of Measurements M m , 2 dr) 

^ TelfM opu’ Minors ale Medio.I, AdiuMTiinn ., and "J l l >Is L.irge v. H ., 75 

* KaMfU'tiifl". Uxperi mental JilnKieiil ]'dti|.'Ui J, i-TIi.fj . S\II. Et I'll 

Kin/1 irnnnt r's T 1 - hur ni Ci numuon .-< urnmi Ma* h> u - 1 . S\ 11 . 2 rip 

Land.ii li r’ Spei mini Anahu Clinch i .., h - r Svn. A ih> 

Le Cli.itell 1 r -. 1 Hj'h lelii] n L tal Lire M[ USUI ere il r ( P'nidriuard ilm pe-.s 1 12ni> \ r l IH) 

Lrib's LK'l llrH hr-nnsl r\ r.l U; ^.|TII( CoinpLJLJr.. i ( I .OMTI7 I UlM, It 00 
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yon Behring's Kupprejismn of Tuberculosis (Dolduim ).. 12mo h t 

BoMuan's Immune hem . I2mc. I 

fiordd's tiludif 1 . in Iirirjiinufy (Gun fin ^rf.^ ) .Svo, 

Davenport':, Statical Method* with Special Reference to Biological Varia¬ 
tion* . . , r .,..., Itimo. mur. 1 

Khrlirh\ t'iillLrU L i! Kl min-s fir I m muni I v (Buhhiau ).Rvu, fl 

* Piit'hcrs I'liysiiili?^ uf Akinc^Utinn -- .Lat^jc ]Umn h 2 

de Kursftr's Manual of E\vi hialry (Rosaiujtf and Collins } , ^ l-argu I2nir> h 2 
HamniEirstoii’* Test limtk on IdiyiioloKit-al Chemistry, (Maudel ) 8 vd, 4 
Jackson's Directions fur L;it*:ralory Work in Phy-sioloKiral Chemistry .Hvo, 1 

Lit^ur-£'i din's Pmctnal Unn^rv Analysts {Lorenz ) lUmo. 1 

MandtTs 13and Inmk for iht Ibo-Cbenmul Liiheratory.1 

* Pauh’s I’tivsual fheni^try in the Service of Medicine. (Richer )..latino, 1 

* Pcutzi-EsfiJi's Toxins and Venoms ami their Antibodies, (Cohn ).. 12mn t 1 

Rontosbi's Scrum Diagnosis (Boldnan ].ISmo, V 

Ruddimati's Inromimtihililies in Frew ripLiunu.*_*. 8yo h !t 

Whys in Pharmacy ... . . I'lmo, 1 

Snlko^ski's Idiysioloyiral and Pathological Chemistry. (Orndorff } - . Hvo t ^ 

* Sattcrlee’s Outlines of Human Embryology.Gimo, 1 

Smith's Lecture Notes on Chemistry for Dental Students, . ... 8vu, 2 

* Whipple's Tyhpoul Fever . .Larue Gfmo. 3 

WoOlIHuII's Notes on Military llyjELtne . Jflmo. I 

* Personal Hygiene . . .„. Jlimo, 1 

Worcester ami Atltm-airi'Sb Small Hos|ntals ti^lablislmn’nt and Maintcnancr. 

and SiiRK^tions fur HyspLtEil Art hitei lure, with FUiu> fur a Small 
Hc&pual... I^mo, J 


METALLURGY, 

Betts's Lead RrfniriR by FleeLmlvsis...Bvo. 4 

Bo Hand's Eri cyclop ha of Founding and Uietionary ol Foundry Term;* used 

m the Practice i>( Moulding.*.. t i«mo, 3 

Iron Fournier . T r ,., T ... *. J2mo. 2 

" Supplement. . .„.lUino, 2 

Douglas's Dnlethtoral Addresses nn Technical Subjects.l^iuo, ] 

Gold's Minerals ami Metals A Reference Book..llimo, mur. 3 

* Hiss's Lead smelling... .. JUmo, 2 

JohnwmV Rapid Methods for the Cbemicsd Analyse* of Special Stv-1*. 

Steel making Alloys ami Graphite. r Large l'Jmo* \i 

Keeps Cast Iron .. ♦ . Kvu. 2 

LcChatelier's High temperature Meartirtments, (Boudouard—Dur g ¥w > 

Lima. 3 

Metcalf's Sled. A Manual for SUict-tifiers. ► -*, lilmo, 2 
Hind's Production of Aluminum and iia Industrial Use, (Waldo.),* I2mu, 2 
Ruer's Elements of Metallography. (Mathew urn),, ,8 vq, 

Smith's Materials of Machine.I2roo t ] 

Tate and Stone's Foundry Practice ., *.......lZiftft, 2 

Thurston's Materials of Engineering In Three Parts. . ....Bvo, S 

Part L Nuti-metallic Materials of Engineering* see Civil Engineering, 
page h. 

Part IL Iron and Steel. *.., . . ,8vo, 3 

Part HI. A Treatue on Ifoaucs, Bronzes, and Other Alloys and their 

Constituents, - - ,, ... * .8vo, 2 

Ulke'a Modem Electrolytic Cupper Refining. *. ,8vo t 3 

West’s American Foundry practice..... ,22ino, 2 

Houldcn' Text Booh,. .l£mo, 2 
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Baiskrrvillf^ Chemical ET«ncnt!k (In Preparation ). 

Bnyd's Map r*f Stuithwcsi Virj-itua r „ p, M lit* 

* Hnm nine's IitlntibdiHin tu the Rarer K[mu*nh . 

Brush's Alan mil of neUTnimalbir M 1 U,T.I tu*j; 1 flVnlJehl j 

HutkA i'lukti It am] Umk of Minmk .. . . 

Chester's Cui.Lil(>[-uc of Minerals . 

* fmnp's RuM ami Silver r 

liana's Vir-A AlipL-inli't Eo Hail.,'* Nci\ “Sysleui of Mirn'rakiuv " 

liana's Huron 1 1 Afh|ifm]i?t in Liana'* New " Sjstem of Mineral:^ 

Manual of Muut;Uorv ami TVlruKraphy . , 

Miyu'fjls ami Hem 1u SlU^iy Them . 

Systrm of MintTaloKV L.tfte Sm, 

Text-Ixpolt Hjf M in (Til i m i r 

BiiuKla^"^ Uiilechnn ril Aik trusses on Tet hmtfLl Sniijni? 

EnklpV Mutcr.il T^htes hvu, j j- 

Eckel's Sionr aml flay Prmhirfs Uses] m Enuiuc-nn>' (In rreturLiimni 

Hnrsel'i Mmrr.ik ami Mefak A ltifenTH e Bun. Hiinn, mnr :i no 

I Smlli \ in in h I m linn In f hens it a I Crystiilluf Ta r>tiv i Marsha I! i I ^tno r I ^ 

* ILlVOsk IliLlllIlKinli fur Klein 1 (lElllofilSts JI|TiLO h indf I ft] 

Jilt lilies I fjriernis Kutlis . Kir.. A 1MI 

Rock Minerals Kin ft no 

JohaimsE-Ei's I nation of Pork fnrnunji Minerals m Thin Hemon- Him, 

Wilts Thunili Jmlex ft <KJ 

* M.irfrn's LillHiruEorv Rind** 111 (Juahtalni- Analysis null flu BEovl- 

HEf litjhi. 150 

Murnll's Mull inelnHu Minerals Tlinr fh fiurrm r and I'ns Nvu, 4 IHI 

Slones fur TlniMitif! ami nuMir.iimii Sin, ft 00 

* PrnHeM's N'nli'S nil lJHel rnllialJ i r e MsnET.ilj i][v .imi cm. t? rrt of Mineral hs|s 

S\||, patn-t, ftl) 

TjIpEis uf MirffnK Im hsclETif; flic l^ 1 cjf M i lrrals riml Stalisin s nf 

Dump 1 tie J’rurlm [ipiti Hen t 00 

* Petsmju's R<k ks atnl Rih k Minerals | .in m, U ftt) 

* kn.'li;in [ L .\ Hirtupsls of Mineral fliut.u I el* 1 _ h mn. mm I lift 

* Wie's's t’l.n l: Thi'ir tJL4. _ iJrrtTit c, Pmriertn s ami Uses Kin. ft 00 

* Rlts ami I.iT(.'1itnn"s I liMnn uf the L’l.n wol kniy I mlustre of llif I 'mien] 

Sr.,ii-s r Ku, r * ftO 

* Tillman^ Tfj e-In«p1i oJ tuition. in 1 Minerals .lml Kn, ks Km, J 00 

Waslminiun'i Manual uf flit CheiuiicU Anilyiii of Kutkj, . .Svu, 2 OU 


MINING. 


* rfftihl's Mine Tras« ami Explosion*.L«i.,, r r ]' h rro, 

Br.yd's Map uf fkmihwest Viri^nm . IWkei In* A 

* franc's < luM ami Silver Hu 

* Irirln of Minim: JCnKiursTinu Literal lire ... Suj h 

* o L inor 

Jhmbias’s L'nle, htii( al Aflilreist^ on I'r^ htin .l[ Subjet is , 1^rjiLE h 

lilssld's Minkin I'll^lj ]\a plosives Hv(j, 

Ltifsel's Mim'i als iiiul MelaL A Krfrrrmc Jluuk tTnno, inor 

Ihlseiin's Manual nf Mining Hin. 

* Ite-'s Leasl Smrlliri; ll?mu L 

l^rele's f uinT>r*‘^'' [ ' L ^ Air Him fnr Mines Hs n o h 

Ricmer'v Shall SmkinK Uniler liilheulf fomlitiom. ffrirninc and Peeli'j Hvo r 

* Wraver's Military Expletives Hvn. 

Wilvm's H^draolie imd Klarer Minmft !ir1 ehfior. ■■uvnUen , l^n,u. 

TreatiNt on J'riieLical ami J nieureLu-a1 Mine Vcnlilation , . Lmu, 
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SANITARY SCIENCE. 


Association 0 f State fttiri National Food and Daily Departments. Hartford 

Meet inn, 1BO0...........,ftvo h S3 DO 

Jamestown Meeting. 1007...Rvo h 3 DO 

* BAkbore'a Oudmi^ of I'nictical Sanitation. „ + .*.l2mo, 1 25 

Sanitation of el Country Hrmirf*.+.,. J^mo, 1 00 

Sanitation of Recreation C&n]|»s and Farits.-.J2nui 1 1 tlO 

FolrfeltV Srwitacr Construction, and Maintenance).Kvo, .t 00 

Wanr^miply IJnfjiTu-min; ... Rvq, 4 (10 

Fowler \ Sewage Works. Analyses . . . L2mo. 2 00 

Jutriri s Wutrr-fiitriiiifir Work'..12mo, 2 !10 

Water and Fubhe Health . 12mu. 1 Vl 

Gerhardx Cmule to Sanitate Inspection*.♦►.. ...Limn. 1 GO 

* Modem fifths and Had) Hnusui . Hyo, (1 00 

Samlution nf 1 3 Labi tL Buildings . lUtlUi. 1 50 

Haim's Clean WatiT ami Thin to Gel Lt.Larne 1 50 

Fill rat inn nf J'uhlic Wa ter-su i dies... Svo, 3 00 

Kimuml. Winslow and l 3 rult's> I'unfiLLUion of Science (Jn I^einaratirm.) 

Leach's Inanition and Analysis of Food with Special Reference tg State 

Cunltiil . , , . . . K\ n, 7 GO 

Examination .if Water (Clutim a l uhrl ICiciei'ioirjgh all .... 12mo h 1 25 

Water-supply 0 '(jTitulcreil pnnri| tally from a Sanitary SLamhioinD 

8vd, 4 00 

* MprfJrrran'h Rltnifnts of Sanitary Eri^ntrring. Uvu. 2 IHJ 

Ogden b h Sewer Dr^iim , ...l2rno. 2 IK) 

I'nlSons* Dis|pos.iJ nf .Mimy liial Refuse 1 .. . ... 8vo, 2 00 

Trescritt and Winslow's lilrmi nisoi Water Bait etiology, uithSpcLial Refer- 

mtr to Smut .it y Water Analysis . L^nio. I V) 

* trier's Miiniltiofik on SiLTii tilt Uni . . . I2mn. 1 5L1 

RLL'Eiards's tVjsl nf Ct( anm r , .. L'Jin*., I 0U 

Cost of i'otnl A Stud} In IJielaru 1 ', . 12ui". I HO 

Cost of Lismg as Modi!ltd by SamTnry Sl imi i; , . . . I Jinn. ] Lrih 

Cost of Shelter . | Jilin. 1 ml 

* Ru hards ami Williams'S Du-lurv Cuuipmler . ... H\o. 1 GO 

Rl(.hurds EiTid Woodman's Air, W H iUr, Lind Food firmi a Sanitary Stand¬ 
point Si tt. 2 (Ml 

* Ril hcy's duniin-Ts", Si (suit tinets'. and Tinnrrs 1 Ldiunn (Pudding 

M ft. h roin s' Hendi Kifemu.i'ftnesj . ilium, mor 1 GO 

KideaTs Disinflation ,md (be Pn servalmu of Food. Nvo. I (HI 

seiinr>' urn! EhictenaL Perdu a lion ul Sewage . Sio, I 00 

Sniier 1 - Air and WnidaiuiTi of SnhiiLivs 12 tlio, 2 nO 

'Inrntanro mid Russell's Fnblu. Wilier - ■ njplies. Syo h G <MJ 

Veil id i k's £ lafljjjji t 1 mu .Hu ties in Aniein a . . Hio, 2 (Ml 

Ml thud ■ M td J Jr-s no I Lit |liu leti.iL Treat tmi-uL i iJ SeiYLijiie. Sl u. d (10 

Ward and W Inpplt ' Frr sliwat+T J ti.dogt tin I'res^ j 

Whnudi-V ^ULn>^tJrl^ o! Dnnkinn-water .3 VI 

* Typhii]i| Fevei . .Large J2mu, d iH> 

Value Ml Pure Walter . . .Larpc 12nm. 1 00 

Wimduw'b SystuitiatiL RcJatu>n^hL]i uf tile ('uu.mi^.L.iryc 12iuo h 2 GO 


H1SCELLANE0DS. 

Emnirms's t’nnhifiical Ouidednnik of the RneLv Mtmntain EneuTsion of the 


In u-i minimal Cnjiigu^ of I'.euloge-rs .LaTKi h Hvjj 1 GO 

Ferrcl's l 3 o[>Lilar 1 [I'.iti^ on itie Wind , Uvo, 4 00 

FlL/HefFiM s llristnji Matfillir.1 ISnm, 1 tMl 

tiatinel-l's but 1st Kill Alls! fin ( ol tlie WnlLd . 241110. 75 

Maulers Aun-ruan RmlWrit M.iTirinfrmilt .12mu. 2 GO 

* Matnisik's 'Hio Mu ni^uphy o: Titlirntid CroduL’t'.. tWintmij. Svq, 5 (JO 

IS 
































Jacoh-i'i Betterment Briefs, A Collection of Pul dished Pajicr', on Or- 

gamieil Induslnril Eflfk’itney K\r t . SO 

Melratfc'v 1‘iKt of Manufadnivc, anrl the Ailnum-t ration "f Wurkvlini^ riot, ,"i (HI 

PiitnrUn L <i Nautical Cliurts Km, U lh| 

Richett'.'s History of Henssthter Pulvlechna Institute |S_!l JKJJI 

I \ 'uni. :i 1)0 

Rotherham V Enitjhiisi<u.-i1 New Tt^iameni L.irnt-Km. j im 

Rum' 1 - Kx-Mt-rulmn All ii ude, Aatmuih aivl Hiat iim Iiuil v L'.ilfekc- K \ n '» m) 

Standage's ]Jeeorjiliftn ct[ Wood, triads Metal, etc l.'mn, l* no 

Thome’''f'ttui-'turiil ami Mivsirjln.,nu-al Bn lam - [Btiumtii Hmm. J 

Westerniiner's rominjiulnnn of thvirr,d Itiilrmv iSi hm-i-lcn Sn, * no 

Winslow's* Elements ol Applied Mki-ijswjPY - - Umc. L frfl 


HEBREW AND CHALDEE TEXT-B000KS. 

Ge^mus’s Hebrew ;m<! Chaldee Lewnn In the Ti" lamer, l s<i-i[H-]rr 

iTref-i-Slt-^ 1 „ r , Sm H Jl Hu, half mor, A I Hi 

Green's Elementary Hebrew Grammar . . l -'j 
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